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CHAPTER Ii 


THE SPECIPIC CONDITICHS OF THE DESIGN, EXCAVATION AND 
OPERATION OP MINE STRUCTURES IN THE MININO INDUSTRY 


1. Qeneral Information 


During the operation of amines and open pits in the mining 
inuustry gs a result of using maes explosive work, the undermining 
of eectione of the surface by aining operations, the unevon depositicn 
of artifiolally oreated carth fille at the mines, ote., all produce 
epecific conditions, which unfavorably affceet the commercial state 
of the mine structure. 


On the basis of observation and research under these conditions 
during designing and excavation of the structure special measures 
are taken for their protection and for the normal operating 
conditions by means of strengthening the designs, tre utilizatior 
of special structural solutions, and others. 


2. The Protection of the Structures in the Areas 
} asting 


In many eining enterprises (especially in the open pit mines) 
one simultaneounly detonates a large quantity of explosives. 
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As a result of dlasting vibrations of the bedrock and soil, 
4anb.ogoue to seiemic vibrations during earthquakes appear. 


During the blasts the virbrations attenuate rather rapidly 
(vor 1-10 $) the greatest danger for buildings and structures are 
Lne vibrations having a span of 0.1-0.5 6. The large values of the 
periods of vibration are characterietic for soils, which possess 
los bearing capacity, and irrigated soils. Many wine structures 
ané buildings nave a natural period of vibrations within the limite 
of 0.2-9.5 3, close to the period of seismic vibrations, characteristic 
for slightly water saturated soils. In such soils the greatest danger 
of failure of the structure can arise. In stony soile, the period 
vibrations usually does not exceed 0.1 6, and the probability of the 
emergence of the pnenomena of resonance as well ase failure is 
considerably reduced. According to the data of odeervations it has 
been established, that with single blasts and at velocities of 
vibrations, lees than 0.1-0.19 m/s, the failures of the structures 
are not observed. 


According to the Rules of Safety during blasting the formula 
accepted in order to determine seismically the eztent of a normal 
(#itn a funnel of a normal ejection) radius of the danger zone 


a 
u= La aA 


where &, — the coefficient, depending on the physical-aechanical 
fentures of the soils; q — the weight of the charge, kg. 


The values of the radii of tne seismically danger cones, 
determined according to the given formula for the charges of 8 
different weight and for various ¢.~ditions, are given in under 
Tevie 2. 
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Table 2. 


The soils as 
protected st 


foundation of Approximate|Welght of tc charge, t 
Characteristics the coeffi-| Ra: of seismically 


elent x. Gnngerous zones, © 


Weak soils 


Water saturated! 
(quick ground 
and peat) 


Fill and 


Pahari 


320] 550/700 


Soile of the 
average bearing 
capacity, 

clayey, stony 


195} 330) 420 
170} 300) 370 
159] 260] 330 


Gravely and 
stony 


Rocky soils Disentegrated 


bedrock 
Dense bedrook 


110] 185] 230 


65] 110]140 


With the funnels of the reduced and amplified ejection it is 
necessary to multiply the accepted values of re in Table 2 by the 
coefficient a, depending on the index of the action of the explosion 
n (the reletionship of the radius of the funnel of explosion to the 
line of least resiatance). 


Por funnels of normal ejection nei; asl 
Por funnele of reduced ejection n= 0.5; ael.2 


For funnels of amplified ejection n= 2-3; a = 0,8-0.7 


In general the value of the radius is wsismically the danger 
zone during the explosions 


3 
nmneK VG 


During ezplosions in water saturated soila and in water, the 
value of the coefficient x, needs to be increased by 1.5-2 times. 
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Ourtng masa blasting the distance of the industrical grounds 
fro the blasting site should be determined, based on the following 
conditions, 


1. Pvople, who are located on the industrial grounds, should 
not ce subjected to danger as the result of the dispersion of fregmen*s 
ef tae blasted rocks. 


2. The buildings and structures shauld be losated beyond the 
lizits of a seiamically dangerous cone. 


Inastauch as the radius of the danger zone according to the 
disperaion of the fragments of the »lasted rock and in accordance 
wlth the Rules of Safety, 1s applied within the limits of 200-400 a, 
and the normal radii are seismically safe zones in most cases at 
less than 190 m, the impression is created that the reference of an 
industrial site beyond the limite of the danger eone based on a calamity 
is also guaranteed for the seismic safety of buildings and structures. 
Practical observations have indicated that as a result of the repeated 
frequency of explosions in constructions, lccated outside the limits 
of che radius of the seismically dangerous sona, numerous criteria 
of the destructive pressury of the exzplosions in the form of cracks 
tn tne walls, opening of eeans in overlaps, floore, partitions, 
and others are frequently observed. These phenomena, frequently 
tnporceptible “uring the first explosions, manifest themselves with 
the repetition and intensificaticn of the latter, and they can be 
ciearly expressed during a further ccntinuation and development of 
tne blasting. with the realization of the complex of seasures for 
.ne protection of buildings and structures in the such cases from 
che efrect of selemle vibrations by a force of approximately seven 
on the Bal! scale the destructive pressure of the explosion usually 
dces not manifest itee) f. 


The emergence of cracks in the walls of conventional stone 
buildings wlth the simultaneous lack of damage in buildings with 


antiseismic designs accepted in the USSR, the scale of tremors 
corresponds to the number seven reading on the Bo-l scale cf seismicity 
(a0sT 6299-52). 


The distribution of the seipmic phenomena during syatenically 
repeated explosione beyond the liaite of the radius of the seisnicully 
dangerous zone (determined during single explosions) can be explained 
as follows. 


According to the data in the practice of blasting using 
systematically repeated explosions, the velocities of the vibrations 
of the structures should be reduced to 2-3 cm/s. in individual cases 
during short periods of operation, and with the possibility of also 
presuming the occurrence of insignificant cracks and the flaking of 
plaster, the velocity values of vibrations can constitute 4-6 ca/s. 


According to the investigations of K. A. Sadovskiz, the decrease 
in the veiocities of vibrations to 4-6 cm/s is assured by the spacing 
of bulldinga from the blasting site Sy a distance of approximately 
1.4=2 times in comperison wi’. that deterained according to @ formula 
of the radii of seismically dangerous zones (n.d. The further 
docreage in the velocities of vibrations to 2-3 «m/s 1s attained by 
an increase in the distances dy 2-4 tines. 


An increase in the distance between an industrial site or a 
Single stunding building, and che biasting place of systematically 
repeated explosions by a taree-fold radius of the ceianically 
dangerous zone derived from the formula for a single explosion, 13 
a sufficient guarantee of the seismic reiiability of buildings and 
atructures. If, based on any considerations whatecever the placement 
of an industrial site beyond she liaitn outlined the three-fold 
Padius increase of the seigaically dangerous zone should be infean-ble 
or inexpedient, 1t is recommended in the design and construction of 
structures to carry out a complex of antiselamic measures, used in 
the region of Ball scale seven seisaicity with several of the charges 


reconoended below. In this instance the seismic safety of the 
bullaings will also be taxen care of. 


If tae mine struture is placed within the liaite of a two-fold 
radius increase of 4 seismically dangerous zone, the awareness of 
the soaplex of antiseismic aeasures should be played up, and 411 the 
bearing clements of the structure should be calculated for seisaic 
loads, 


{n exceptional cases, when for individual buildings and structures 
it {9 nocevsary to locate thea within the limits of a seismically 
Jvangerous zone (for the calculation for single explosions), an 
awareness of the measures correponding to Ball scale seven should be 
provided for seismicity. 


The approximate dependence between seismicity, expressed in 
the Hall scale, and the distance of the explosions to the structures 
and bulidings is shown in Fig. 35. A distance to the blast site is 
expressed here in radii of the seiapically dangerous zones re 
Selemlcity also in this case is characterized by the oriteria of 
faiiure and of damage to the building structure (GOST 6289-52) as 
a result of systematically repeated explosions. 


af, <a ee oe 
= at \ | | : --] Fig. 35. Dependence between a 
$ distance to the blasting point 
* (expressed in values of r,) and 
ie mos ees frees the 3all scale number seisaicity. 
: line 
ri ‘ " "3g 
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The calculation of seismic loads is conducted under the 
assumpticn of the static action of seismic forces, whose distribution 
ia assumed to depend on the location of the masses in the construction. 


These forces can have any direction but predominantly tney are 
asaumed to act horizontally. In the calculation of ccup-ings, 

anchor bolta, bracings of supports, one taxes ints account the seismic 
forces that shear or stretch these connections. 


The seismic calculation of such a mine svructure, ay surface 
buildings, haul and loading doczs and tunnels, conveyer tunnels, 
bridges, paseages, Support and temporary structurec for ctock plies 
and retaining walls can be done according to standards fer structures 
in selanic regions, and the s0ismic loads can be found from the 
expression 


3 - QKe, 


where Q — vertical load (the weight cf the structural elements 
themselves, soll, temporary loads); %, — the selemic coefficient, 
equal at a seismicity of Ball scale reading of 7, equal ty 1/40; 

a —the coefficient, assumed; for high gupporte of bridges (av « 
ratio of the altitude to tne width - wore than five), high retaining 
walls, towers, columns @ = ] — along the edge of a foundation, 

a= 2- at the top of a structure (a change ‘no at intermediate 
levels is assumed to be a linear dependence); for ancnor bolts, 
bracings of the supporting parts of temporary structures (with the 
exception of bracings cf wooden structures) a © S; for the rematning 
structures and ¢lecents, a = 1. 


This method of determining the selsmic loads can also be applied 
to the aajority of mine structures, located in the areas of clasting 
on sites adjacent to the sefsmically dangerous zonc, outlined by r_. 


Multi-story buildings can be considered as another group of 
structures cn the surface of mine works. Accordingly to the cffeotlve 
standards and codes of building in seismic regions, a rated seismic 
load S at site & of a building with a ¢istributes load there, a mass 


having a wetgnt of 2, can be determined at a Ball reading of seven 
sulauielty, as 


a 


s, gt 2 


where Bf - cooffictent of dynamicity depending on tie value of the 
period of free vibrations of the structure, 7 and equal to rs the 
ancunt of 3 ts toxen within the lipite of 0.6-3; n, ~ 8 coefficient, 
depending on the character of deformations of the structure during 
tts free vitrations and at the site of the load a, in the mine 
construction area. 


The vaiues of n, are determined according to standards and 
ecidea of corscpuction in seismic regions in eocordance with the 
nerleontal deviations in a structure during ite free vibrations at 
she considered site k and at 41] points ¢ of the distributed masseu 
in tae systea. 


During the calculation of stone buildings up to five stories 
naving cross walls, spaced up to 12 m apart the product of the 
eoerrictentss Bn for the rirst-fifth floors are assumed acoording to 
she atandarde equel to: 


ln a one-story buiJéing 3.5 
in 4 txc-story building 2.7-3.6; with an average 3.2 
ln s three-story building 1.9-3.3-3.5; with an average of 


3.0 

In a four-story Cuilding 1.3-2.2-3.2-3.4; with an average 
of 2.6 

In a five-story building 1.0-1.B-2.5-2.9-3.0; with an 


average of 2.2 


Luring the calcuation an a local seiemic load of the walls, 
Laviuséing the all fillings of the superstructure ard their bracings 
E © wuperatructure, the value #n lg taken for the corresponding 
teves of tho yuperstructure, but 1t ie not lees than 2. 


In the celculation of parapets, towers of sma) cro3s sec.ion 
on duildings, the frames of balconies, small bracket plates, anchor 
volts (except for the bracings of wonden structures) the value By 1a 
assumed to be equal to § at an inctficient hurizuntel ofr vertical 
direction of the seismic forces. 


However, the indications of standards proposed here by definition 
of the seismic loads of buildings during earthquakes should not be 
completely extrapolated to the calculation of the mine oulldings, 
located in the regiona of blasting because this will result ina 
substantial owerrating of the loads. 


In operations, proposed as the basis of effective standards and 
codes of construction, buildings and structures are considered, which 
are located in the region of an earthquake and whicn sustain 
considerable damage. A comparison of calculations, made according 
to an earlier enucted proposal based cn construction in seisoic 
regions, with calculatione made in accordance with effective standards, 
shows, that in the second case, allowing for the above s*iown 
coefficients of Gn, the calculations and the uctual stave of the 
damaged buildings will agree more accurately, out the selemic loads 
of the buildings exceed the loads, obtained on the earlier established 
position by approximately two tines. 


It was proven that the loads, found in accordance with the 
earlier enacted proposale for regians of earthquakes, were underrated. 
Wevertheless in buildings and construction, located in the arvae cf 
oOlasting, but beyond the limits of the seismically dangerous zones 
calculated and engineered in accordance with that proposed under 
an arbitrary Ball ecale seismiticy of nunber 7, no substantial 
damage Was observed. 


Thus, in rated buildings, located in the areas of -lasting beyond 
the limits of seismically dangerous zones (the zonor, dcescribod dy a 
radius of r.), the seismic loada, determined at a Ball scale seismicity 


of rumber 7 necordingly to the effective standards, one should be 
reduced by moans of introducinga coefficient less than unity; the 
tentative value of tals ccafficient as a first approximation is equal 
to U.4. I: this inetance, for example, the average values of the 
product 3.5 Bn for stone buildings having a height of 1-5 stories 
amounts to 1.9=-1.1, and on the average — for a three-story building — 
1.5. In this case, the value 0.5 8n for the first story will be 

a1, ana for the third (.pper) story 1.9 =2, 


‘The determined selenic loads of the Lulldings tn this instance 
are quite close to the seismic loads, found according to the method 
of calculating loads for man-aade structures, at the same sefamicity 
and with a coefficient a = 1 slong the edge of the foundation, and 
«a © 2 at the tap of the structure. 


Considering what 1s proposed prior to conducting the special 
investigatione, it 16 recommended that one should determine the 
Suismic loads of vuildings tn the areas of blasting arbitrarily in 
Lie game way as the load of a@ ian-made structure, considering the 
selsmicisy (predominantly at a Ball seale of 7), characterized by 
she locality of the building relative to the blasting site and by 
assuming tnat a @ 1-2. 


The seismic forces in conjunction with other loads pertain to 
Apecti(le oressures. 


Bulldtngs and eanstruction can be computed based on the 
xinultaneous action of working loads, dead weight of the etructure 
und seiemic forces. A wind load, that discharges the effect of the 
friction forces, the dynamic action of the equipment, the braking 
forces and horizontal impacts ¢f the moblle composition, the braking 
effort of the cranes, tho inertlal forces from loads, raised by 
cupes on flexible suspensions, ure not conaidered based on seismic 
forces during the caiculation of the structures. 
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In the calculation of man-made road construction for selanic 
activity the braking forces ana the horizontal impacts of rolling 
stock, the wind load, the effect of teaperature, the pressure of the 
ice and vessels are not considered. 


The direction of the seismic forces can be taker as predoxtnantly 
horizontal, acting lengthwise or transverse to the construction eince 
when calculating and designing structural oements the leaxt 
effective direction of tne forces ts taken. The weight and pressure 
of the soil during the seismic calcilations are corsicered under 
the assumption of a diminished value of the angle of internal 
friction of the soil. The strength of the structure io checked 
in the presence of and in the absence of a temporary los. 


During the determination of the quantities @, (the loads, which 
cause inertial forces) the dead weight of the elements of the 
bulldings and structures and of cranes is based or normal loads 
without overload factors, but working and snow loads — at normal 
loads with a coefficient of 0.8. 


In the calculation of structures of the warehouse and silo 
types normal working loads are fully considered. In the deteraination 
of seiemic pressures in the blasting cones for mine loading bine and 
@ number of bin superstructures and tunnels, the values of normal 
seismic loads are taken in accordance with the data, presented in 
Chapter XI. 


The calculation for the strength of steel] and wooden structurcs 
apart from the coefficients of operating conditions taken in 
accordance with the construction standards, and in view of the short 
time effect of the seismic load, also takes into considera™ion an 
additional coefficient of operating conditions, equal to }.4. Por 
stone, concrete and ferroconcrete structures this coefficient is 
taken to be equal to 1.2, but for the prestressed reinforced concrete 
it 468 1. 


Construction Jocated in the areas of large scale dDlasting with 
regaru to a construction relationship, should conform to standards 
and building codes in seisaic regions at a Ball scale setamicity 
reading of about 7. Thus, in circular zones, delimited by the 
{nner radius, equal to the radius of the seismically dangerous zone 
Pee atl with an outer radius of about 3 r,, the utilization of 
uniform structures in ¢conetruction as a dynamic ratio is recommended. 
Arctell designs can only apply in the presence of a reliable base. 
seam spanning structures should be attached to supports, yecticnal 
slructures of a construction — unitized. The weight of the structure, 
especially the weight in ite upper part, and the weight of the spanning 
structures should be of maximup shortness. 


Tac enumerated requirenents are, to the least degree, applied 
to metslils and wooden structures, and aleo to coabinations, for 
exanple, metallo-ferroconcrete structures at the site of reinforced 
concrete in the lower zone. Of the remaining structures in all 
cases ferroconcrete are preferable. Stane and concrete structures 
gaould not be used. 


Guidelines as a part of the planning and selection of structures 
of cartnquake-proof buildinge and construction are as follows. 


Longitudinal and transverse walie should be syametrical relative 
to the axes of the building, the configuration of the oullding in 
the plan should be very simple, and one should avoid breaks in the 
walls in the plane. Inner transverse and longitudinal walls 
should run vhe entire width or length of the building, the partitions 
unould possibly be wider, of the same for and evenly spaced; in 
two-estory and higher buildings. one should avoid internal concrete 
and stone posta. 


f=zareton and osontractton jJotnte should be entiseismic. The 


width of tne joint - not lees than 30 mm; at a height of more than 
Sm, the width increases to 20 am for every 59 of height. In 
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duildings with support walle, the joints are created by erecting 
paired valle, with support coluans or abutments - oy erecting paired 
frames, columns or abutments. Combinations of a wall or abutwent gre 
possible. The erection of paired columns on the overall foridarion 
is allowable. 


Foundatione of a building or a seciton of it between the joints 
should, as a rule, lay at one level. Under the support stone walls 
one should use s predominantly continuous footing. With sections 
of continuous footings and walle uf a basement made of heavy units, 
@ masonry bond should be provided at each corner and intersection. 
With a device under the walls of individual colwenar foundations one 
should mutually connect them, so that the foundation beams can be 
spanned by continuous ferroconcrete beaus and a good connection of 
sectional foundation beams ehould be provided for. 


With slightly compressible dense clay, loamy, sandy and sandy 
loam soils, for buildings with a rated seismicity Ball acale reading 
of 7 and 6 at the top of sectional foundation plate along the entire 
perimeter of the walls in the layer of tne brand span 50, one should 
make the steel framework as four longitudinal rods 8-10 an in diameter, 
connected at intervals o* 400 em by transverse rods 6 mi in diameter. 


Moisture proof interlayers in wtone walle should be filled with 
& cepent solution. 


The hetght of stone buildings using masonry of <ke seconé 
category (slag blocks, brand $0 bricks and even brand 25 for she span) 
should not be more than 18 m (16 m)' at a seismicity Ball scale 
reading of 7 (8). 


The height of the floors using masonry of the second category 
depends upon the seisaicity and should not exceed a Ball scale reading 


‘the firet figure for number 7, and brackets for the Bal) scale 
reading of 8; the sume dosignations apply further cn. 
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ot 7 (63 at 7 (6) m; the ratio of the height of a floor to the thick- 
ness of the wall in this case should not exceed i8 (12). ‘The critical 
distances detweon the axes of walle, between framea or between 
atutoents are limited to 20 (16) mn. 


The jotning of walle in basic mine buildings and related 
sonstruction located in on areas, Adjacent to 6 seiamically dangerous 
zone, should be strengthened by short paired straight or curved rods 
having a diameter of 5-6 ma, extended 1.5 m from the Joininge. It 
1s recommended to instel] the paired rods at 1m in height and to 
conc’ vhem with transverse rods 4-5 ma in diameter at cach 
400-50) ma interval. Instead cf the outlined design for the walls 
over their entire length in the joints over the window cross members 
and lower window sills, one can une two continuous rods, 5-6 mp in 
Alamezer connected to one another at 400-500 em intervals by 
transverse rods 4-5 mm in diasster. This design ts especially 
e#xpedient for emall bulldings and structures, located beyond the limite 
of 2 re of antlsemismic belts in lieu of those buildings and structures 
described below. 


The masonry vork filiing she building frase should have a 
shicsknoss of not less than 120 mm in joinings aade of steel reinforce- 
ment a5 having a diameter of %-6 ama and a length of not lesa than 
0.% uw, fixed at 700 mm by height, and attached to the uprights of 
vhe frame. These joinings should be sealed with masonry over their 
entlre length. Furtheraore, at every length of aasonry of 1.5-2.0 a, 
un upre> span piece should be erected. The speoification nusver of 
the sasonry filler span - should not be below 25. Similar joinings 
shoul¢ also apply to brick partitions. Masonry fillings of framework 
ané parcition based on ratio of the length to the thickness equal to 
20 an4 mcre, should be reinforced, 


Seif-eupporting stone walle should be erected using mortar 
ranked sol Lower than the second category anu should be joined to the 
frase work by tee-anchors asde of 2 band of steel in the Joints of 
mascary work. 


1s 


The nuaber of anchors should ve rot less than two for each 
10 a? surface of wall, and tne area saction of eaoh anchor — nev less 
than 1 ca’. Above and below the ancaors in the masonry joints 
there are reinforcement rod3, 5-6 mm in, diameter and 3.5 m in length 


with &@ crose-sectional area at overy joint of not leu: than 0.5 en’. 


In buildings with :alls msde of heavy unite the aasonry vonding 
of the units in the corners and at the intersections of the xalls 
should be previded for. In retaining walls tho joining of tne unita 
with ferroconcrete keys, which ere included in the receeses of the 
units, or in the joining of the units by means of the welding the 
matching parte is permissible. Furthermore, in the joining of the 
walia reinforcements should be included in the horizontal joints, 
The horizontal joints between the units ari: filled with a cement 
plaster rix, the vertical cnes — ith concrete of a eapecl fication 
number of 50 and above. It 1s recomuenced that the pausls of tha 
walls, partitions, over-ltapa of large-panel buildings be ri:wally 
connected with the aid of matching parts, protected from corrosion 
by conerete or by a cement plaster mix, 


The width of the piers in tne masonry work of the second 
category should be not lesa than 750 (1200) ma, and the width of 
the apertures — not more than 3.5 (3.9) a. 


Parapets with masonry work, using & cement plaster cix are 
perziszible up to a height of mt pore than 1.2 m, taken from the 
top of the over-lap. The atability of the parapets ard cornices 
Should be assured with the bonding. 


Cross nugvers are arranged along the entire width of the wal? 
(or less then 12 cm apart); as a rule, they shoule be ferroconcrete 
or reinforced etone using @ cement plaster mix with a ssecification 
number of not less than 50 «ith a steel framework mate up of four 
rods, 5 am in diameter, arranged in two joints cf a straigh’ aret: and 
embedded in piera not less than 9.4m dcep. 


Antisctemia strape. In the area of blasting in the main rine 
buildings and construction activity, located at sites adjacent to 
a seismically dangerous zone, it ie recommended that antisetsaic 
straps, and especially reinforced stone bands of a facilitated 
design be used. Beyond the limits of the aren described as having 
a twoefvid radius of a selamically dangerous zone (2r,), antiseismic 
strays in small construction operations and buildings of an auxiliary 
caucacter cannot be arranged feasibly. In the latter case the rajn- 
forcenent of the walls usually amounts to merely placing the cement 
ove> and under the apertures of continuous paired rods. 


The monolithic ferroconcrete embedded in the walls over-laps 
rr the Lracket beens of the framework, and also the unitised (see 
teins) sectional ferroconcrete over-lape and coatings replace the 
aupiaeliaale straps. Nonolithic over-laps should be tied in with 
ste masoncy work 0? walls using @ metallic ecsh with transverse steel 
rulaforceaent spaced 200-250 am apart, placed in the wal] along its 
wnole langth with depth and in the slab not lese than 0.4 m deep. 


The antiseisoic straps in the absence of over-laps should bo 
specified based on the height at a djstance not exceeding the liniting 
neight of the floor. 


antiseismic straps should ve predominantly laid out at ths 
levels of the ties. With wails 0.5 m wide and more, the width of 
sae antiselemia strap can be equal to the thickness of the wall minus 
12 en, and with lese thickness of the walls, the width of the strap 
ran be taken equal to the thicknesa of the latter. 


{n the zones of the effect of bDlaating, in two joints of a stacl 
re.nforced brick strap, it ie sufficient to insert longitudinal 
steel. cuinforcemente censisting of four rods, 6-8 mm in diameter in 
avery Joint, tied in at intervals of 400 mm by transverse rods, 4-5 
wiin dianecer. 
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In coarse block buildings, reinforoed dlack ties, aitgned aleag, 
the perimeter of the entire walls and tled ir by means of the wxelsing 
of matohing parte at two ievols or ty weans of unicired retoforeed 
loops, are used as straps. The coupling of the antiseiamic sirans 
with masonry made of heavy unita 19 attained by usin: an embedd’-R 
device in the straps of the vertical steel framework having 4 dLaneter 
of 58 am in the Joints between the units. 


When using sectional ferroconercto antiselsmic rtrana their 
couplings are welded along twe plancs or are Joined vy m#ana of 
unicized reinforced loops. 


Coveringe and cappinge of earthquake-proof buildings are made 
rigidly according to plan and are sealed along the contour. Tac 
floor boams are anchored in the walls or in straps Ey an much an 
through. 2 (1.5) m; all of the girders (main bears) sheuld be arehored. 
One should not space the beema closer than ¢.3 m, and should alisn 
then along longitudinal grooves. The latter are permitted only for 
plates and should be thoroughly sealed with concrete ur 4 mortar. 

The support for the ferroconcrete flooring on the bearing walls 
Should not be lese than 12 ca. 


As sectional span designs one should use predominantly heavy 
panels with their support on the bearing walls or unitized spana 
as a substitute for tnex. The latter is cone by means of 
ferroconcrete belts and franinga by anchoring the beans in the 3.-ap 
along with the filling of tne evams between the paneis with @ cener.: 
mortar, and in the absence of antiseisaic straps — by introducing 
binder between the paneis. 


In tne presence of strapa based on acandards Sor support walls 
Monolithic ferroconercte frames having a width of 120 3m with Cour 
rode 12 mm in diameter arc ised. Tne frames are t.onked up with the 
ferroconcrete straps, resting on the suppor: walle. hy connecting 
the beams with the frames vertical yuperstructures result, resting 
on the seam” between the panels of the beans. 
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In the zone of the effect of blasting, a unitized capping 
recording to the Cheat method 1s assured Ly a predominansly 
feorrciersck sbeap using a number 50 aortar with longitudinal steel 
Cramexora {Sn net lesa than two joints. Four rods having a diameter 
»¢ €-6 mn are placed in every joint seam, and are cunnected at an 
lntervas oF 400 a cy transverse rods 4 am in diameter. The panels 
Yor the Slcoring should be connected by clamps to one ancther and 
also wlth scraps and should be unitized. in order to connect the 
(Looring with the straps, vertioal frames or single rods are inserted 
‘n the joints setkeen the panels. In all cases the laying of the 
floorisg 25 done using a grade 50 mortar, and all joints, grooves, 
volds are thoroughly filled with concrete or grade 190 nortar. 


In une cone of the effect of blasting the tying of the flooring 
according to the second method can be done at one level by meane of 
welding the antching parts using cover places. The matching parts 
Arne 4nztalled on the surface of the flooring along the lateral edges 
av a distance of 3-6 a. 


Tne welding of the large flooring panels to the matching parts 
of transverse or longitudinal veans by filling the joints between 
the panels with zaortar cement is rather an effective anciseismic 
measure. with tne support of the large-size flooring plates on the 
walls tae welding of the plates to matching parte, in certein cases, 
2s used for their support to metallic straps anchored in the masonry. 


ay asslsning a sum to tne desc:-ibed measures, specifica for the 
dugign and construction of the buildings and related work, located 
near the yelsumicsally dangerous zone, described aa Por one should note 
cae -rincipal ores. 


1. Yau y-ructucal design requirements, in particular the 
-vcation cf capital walls, the selection of height of buildings 
and mlated construction, the height of floors; thc over-all sizes 
-f walls, of pliers, of openings can be worked out. 
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2. Short paired rods can be inserted in the unions of walls. 


3. Aeainforced stone straps of a facilitated design (excluded 
in special cases) can be used. 


4. Platew and floor beaze can de unltizod, capped and anchcred. 


In omall mine construction operations and buildings of en 
avziliary oharacter, located predominantly beyond the Limits of the 
ereas described as the doubled radius of a seismioally dangercus 
zone, and within the limits of 3-4 Poe the antiseismic measures 
(under rigid structural design requirements) amount to the following. 


1. Along the contour of the walls atove and below the openinys, 
continuous paired rods made of rolled wire are inserted. 


2. The plates and floor beams arc uritized, capped and anchored. 


During the operation cf fulfilling the antiseismic measures, 
Specific attention should be given to the need to provide, in all 
cases, for reliable cohesion of concrete “ith mortar, the relfable 
cohesion of concrete with masonry and steel reinforcement. The need 
for the latter has deen confirmed by the inspections of damaged 
and deatroyed buildings and related construction in the regions of 
earthquakes and in the cones of blasting. 


Tne above preserted requireaents for construction are based 
predominantly on tests of tha performance of buildings with relatively 
heavy walls of atone aasonry: concrete and stone retaining walls, 
tunnels, culverts, bridges and other otructures of xasolve destin. 

At a large weight the construction 19 corresponuingly great, alors 
with the seismic forces, and the construction measures designud for 
the protection of the construction againat the dostructive actlor. 
of blasting also increases in cost. 


Tne designs of the buildings and related construction should 
ve cuaracterized oy smal. selsmic loads, should have a mininup 
Sntrinsle weight. Taic requireaent should ba met not only in 
cauprctally unfavorable cases of seismic loads but should be also 
rvqulred for thy majority of mine construction located in the 
regions ¢c> clasting. 


T:.¢ experizental design of four- and five-story structural 
fram: cutldings with walls made of warm ply ferroconcrete panels 
shoacd that thu utilization of the light-weight panels lowers the 
seisaie loads (in regions of earthquakes) by 2-5 tizes in comparison 
with Loads on the support stone walls. 


with a reduction in the weight of the construction, and 
primariiy the woight of the walis and flooring, the values of seismic 
lomis spproach the values of #ind loads end the above described 
anthiulugic aeapures to a large degree become unnecessary, which 
cuurantees @ corresponding reduction in the cost of the construction. 


3. The Prozeczioan of Conezructions on 
fests Sections 


Ae 3 result of excavating mineral deposits the earth's surface 
45 altered. then dealing with large scale, especially steeply 
dipping, Einéral deposits trovghs, funnelo, cracks and other features 
(Ply. jéa, 5) fore on the surface through systems of cave-ins. 


wren working in gently dipping layers of pineral deposits, which 
ure of local oecurrence and xrich also are located in rather deeply 
bedded layers, shifting basins are formed (Pig. 36c, d). 


Tre Loundaries of zones and shifting basins are set by the 
tules of protecting the construction. Por the Krivoy Rog deposits, 
win a cosffictant of consolidation of bedrock in a hanging wall 
cxpocare a3 @ scale of MH. M. Protod'yaxonov's within the linite of 
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1 (elays) to 4& (Sandstone, weakly concolitatca) tne valuee of angle 
8 (Fig. 36a, ©) are assumed to to cqual vo 46°; angle 6 — 75%, anvle 
Y commonly corresponds to the angle of irnctuenco of the underlying 
rocks of the flat side. 


¢) ad) 
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Pig. 36. The zone of saving and 
shifting of the surface: a-a 
cut transverse to the stretch lay 
of, the ore deposit; b - the sane 
cut but along the lay of tne deposit; 
¢ — 4 cut transverse co the ley of 
the stratified layer; d - the sare 
cut but along the lay of the layer; 
1 — the zone of shifting; 2 — the zone 
of caving; 3 — dips, funnels; @ — 
fissures; § - shifting oasins; 6 - 
the surface of caving; 7 -— the surface 
of the shifting; 8 — mincral deposit. 


For ratner well consolidated rocke of a hanging wal: (f > 5-6) - 
sandy schist, sandstones of iron ores — an angie @' 19 assumed co te 
equal to 45-55°, and at the Limited length of the deposit alors 3 
atretcn of the upper horizons (70-359 2) 60-70°, angle é‘ = 65°, and 
an angle y'’ a180 corresponds to the angle of incidence of tha 


underlging reeks of tne flat wall. The angles of caving and shifting 

tn the allavlux and in limestones are taken se 50°, Sy using the 

inoan ungivy and oy follo#ing other mine-surveyor data, one determines 

the bowiarles cf che zones of shifting and caving and one designs 

the consteuctlon of ereventive (guarding) pillars, within whose 

sunt lnas the oining cf the deposte cannot be done. The guarding 

vlllary are so lycated that thu buildings and the related construction 
ing protected cannot occur ln the zone of caving. Aa a result of 

.v insut@Ledene cverall control of the physaical-mechanical propertios 

of the cocks affecting vhe values of tne angles of shift, one ankes 

4a certain allcwance, in tne construction of pillars, and the pillars 

ire not erceted along tho mid-town of an industrial park, but at a 

esptain distance from it, using a width of preventive berm, equal to 

a distance from cne building or related construction to the border 

cor the zane of suiftlng. The width of the preventive bern for the 

Mine sistts, eine pile drivers, gine surface duildings and buildings 

of 1lft gacsines should aot be lees than 20 m, but for saall 

Auxiliary culldings - 10 a. 


The cata, necessary for the construction of pillars, are taken 
based co the rulee for the protection of Luildings and related 
construsticn, werked out for 811 aining and coal basins ueing the 
raiculation of iecal geological mining conditions. Tae following 
angles of shifting were estadlished (Fig. 36c, d) by the numerous 
steepvationa of the shifting of the surface, produced in developing 
tne comparatively deep layers of small thickness in the coal basins. 
Tue engies a, Y, & (in the absence of irrigation and quick ground) 
in tie deposits are equal, on the average, to 50° (they change fron 
15 to 90°). Cepending on the physical-mechanical features of rocks 
ths angiss of shift in bedrock constitute 55-85° with a dip of the 
.tun ef 0-§°; wita an angle of dip of the beds of 30°, the angles 
4 fiuetuate within the sane limits, angles 8 — from 50 to 70°, and 
anu @s y Aave va)ues from 70 to 90°. 


In sna acuence of Dacding the made space, the amount of settlement 
at tne surface constitutes 40-60% of the thickrees of the layer. 
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One ous’ 2. ate rrat a era «aver of various factors cave 
an effect on tore wiesltuue f . °*>.inz tue main ones being: the 
thickness - ‘he aineral Jepus:". t+ -#Jtlng depth, the angle of vip, 
properties of the parce, *7e wu. +1 systens of exploitation, and 
80 On. 


The weteralalnas of Dulld'ner ant relaved construction usually 
leads t. tnele som lete failure, or in any case, to considerable 
doformativnas. For -xample, in ur lermined one-story stone building 
having a lengtn ef 35 m with @ “e’Llemnt of the surface of 0.2-1.0 
m, Sustains very a“rious damage’: in longitudinal walla a series cf 
cracks appear wit? the greatest upzning of the seams in an upper 
part, up tc 6909 mm. In another case, an industrial structure having 
@ length of f0 m, a widtn of «. mania height of 15 m with brick 
walls and continuous footings, =:h 1 coating of sectional plates 
along the aetalilc girders divide! ler.gtheide into two parts by a 
settlement seam, wes undermined by tw -onverging layers with a 
Patio of the working depts %- tur zum total thickness of the layer 
@yual to 180, As a result of t'= inderaining ground eracks and 4 
series of fissures of 4 widtn of -'-30 am in the walle of the serio, 
nearest tu tne mining Work. A s+ttlement seam was opened by 150 ma, 
*ne walls inclined vy 10 mm, a parting line developed in the 
settlement seas. ir, longitudinal ani transverse directions by 80-120 
ma; the difference in the mark of the parting line was 130 ma, the 
vold eapase was wedced, the deformations of the girders were noted, 
tne practical danger of the iip of the sectional plates of the 
Cleoring appeared. 


The expected deformations of an earth surface can be determined 
in a calculated way. Aocordingl, to Provisional Technical 
Specifications (VTU-01-58) the waximum relative horizontal defcrmations 
of the varth surface with gently *ivping and inelined bedding planes 
are equal to 70% of the ratio of the thickness of the layer to the 
working depth (0.7 «/#), out tne maximum slope in the chifting basin 
iz equal to 1.5 «/f and so on. 
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Accordingly, using the same tecnnioal conditions four categories 
of sne ground, characterised by tne expeoted deformations of earth's 
surface (Table 3) have been estaplished. 


Table 3. 


Category peoetin Ln atermation: 
of the sartr’s 


Limite of Gre Marans of Puletiva 
horizontal defermtiens 


IHX) 6 Ox sem 
6 Pe 


Latte of the Dmnges in plepes x my 
xem? qe 
Staite of the cherees ip the regis 2 | 2-2 


of survatere, ip 


With emall deformations (with a relative horizontal deformation 
of less than 1-1073, etc.), epecial measures of protection are not 
necessary. With the large deformations, extended beyond the linits 
anowa ln Table 3, the protection of the construction is technically 
snadvigable, Construction should generally not be located on such 
grounds. 


The most important constructton asasures for the protection of 
construction activity, established in accordance with existing 
present day experience of undermining of residential and, in part, 
industrial buildings, can amount to the following. 


Buildings and construction should be divided lengthwise into 
yeparate units using deformation jotnte having a width of 60 nm. 
The 4istance between the joints 1s established also based on the 
calrulations for one-story buildings with brick walls, in a number 
o¢ casns, assigned within the limits of 15-25 », end for structural 
frare buildings and related construction up to 40 wm; the distance 
between the joints can be increased with an increase in the rigidity 
of the walls in their plane, with an increase in the bearing capacity 
of tre suils and with a decrease in the loads and in the weight of 
the overa)l structure. 
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Within the limits of tne joints tne btusic suppors designs of 
the unite should be made {n the form of spatially rigid boxes, rigid 
frames with diaphragms, and 60 on. 


The valle should be arranged throughout the entire width and 
length of the unit. Unite enould be joined in a plane with transverse 
walle and frames, which are apsced not further than 3 m from the end 
of the unit. 


The location of the walle in the plane is taken Saeed on the 
poseibllity of symmetric axes relative tn the building or related 
construction, and one ought not to alicw fissures in the «alls in 
the design. In buildings with support stone walls on continugus 
footings it is necessary to avoid columns with separate foundations 
inside tne building. 


The weight of the buildings and related constraction, independent 
of the specified construction measures, shovld be minimum, which can 
be achieved by utilizing contemporary large panel wal) f!licngo witn 
effective hsat insulation, and also with the reduction in the weight 
of the flooring and cappings. 


The distribution of the weight of the structures vithin tho 
liaite of the length of a unit and pressure on the soil in the plane 
of the foundation should be uniform. The height of the walls also 
based on the feasibility of foundations within the limits of a unit, 
should specify identical joints, but with a difference in the neizhts 
of the sections of aore than 2a, it i9 necossary tc employ a settling 
joint devics. Sasements ehould ve so arranged to have spaces Letweun 
the joints and to include one or several whole units. 


The projections of the masonry of straps and of cornicos, as 


recommended, should not be spaced more than 250 mn, and within the 
limite up to 0.4 of the thickness of the walls. 
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The width of ise partitions anoulé be not less than 1.2 ; the 
breaks in the masonry whose sizes are limited, are recommended to 
be spaced not closer than 1.5 @ from tna edge of the unit and 0.6 a 
frox she transvezee wall. 


The window Ulntels in the stone walls should be predominantly 
of ferroconcrete along tne width of the walle with a reatraint of 
net les» than 250 am. The height of the parapets should be taken as. 
Ney sore than double the thickness of the masonry. 


fne brick masunry 1s bounded by a course of headera through 4, 
and $lag ¥lal aasonry — through 2 of a course of stretchers, with 
bonéiag in each course at angle; and joined to the walls. 


fhe foundations of the sonetruction as recommended, should be 
made of ferroconcrete. Continuous footings and foundations of rubble 
masonry relative to horizontal deformations of lees than &-1073 and 
23973, are permitted. Abrupt weakenings of sections «f the 
foundatioas are not allowed. Openings with a side greater than 0.3 » 
are reinforced. The width of foundations ia recommended to be taken 
olong the width of the walls using the necessary plates for the support 
of the base and for the formation of the crown. . 

@ 

Tne transverse sections of continuous footings are allowed to 
be right angled (with a widened supporting place and without it), 
oy trapezifora, tee-shaped (with a shelf above) and wedge-shaped. 
However, tre data about the utility of wedge-shaped and tee-shaped 
foundations are discrepant, and there are direct indications on the 
Infeasibility of their utilization. Under practioal conditione various 
preseurez on the plane of the wedge, and because of this, the 
appoarance ‘of considerable amount of additional horizontal loads on 
the foundations according to value are possible, which resulta in an 
inerease in the expense of tha steel framework, being erected 
langtawise to the vertical face of the foundation. In any cage a 
failure of a right angled fora with supporting plates or without 
them on cenventional foundations should be especially established. 
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Tne utilization of sectionai foundations under a condition of 
bonding }/3 @f a unit for eact gourse with the bonding at 11 angles 
and joining to tne walla. The junctions of the sectional foundations 
should be unitized. 


on ’ 

Waterproofing blong the. edges of the foundations can te _ 
accomplished predominantly by using a dense morter. Waterproofing 
using rolled eaterial (sheets) is not allowed. 

e 

Sorengthaning the wglle and foundatione in mandstory, if they 
are made of briex or stone masonry, concrete or a rubble concrete. 
Strengthening 4s “attained due to the utilization of special 
steel framework. In the joints of walle 1-1.5 ™ in height and 
120-150 mm ih the thickness of the masonry, the stee) reinforcement 
having a diameter of 4-6 mm, is set in 1.2-1.5 m@ from the intersections 
of the walls. Apart from the local reinforcement, in accordance with 
the special technical conditions, in the necessary oases continuous 
steel framework is installed. In this case they consider that the 
walls are subject to vertical loads, which appear during uneven 
settlement and the foundations, furthermore, should be acted upon by 
horizontal loads, induced by horizontal deformations of the bases. 


The strengthening of the walls ia produced by introducing 
reinforced atone or ferroconcrete straps along the perizeter of 
longitudinal and transverse walls, usually located at the level 
or window lintels and window sills. The reinforcement of the 
reinforcedystone straps 4-8 ap in diameter is spaced at a distance 
vor 50-190 ma baeed on the thickness of the walle, in a layer of a » 
aortar of a grade not leas than 50. The distance from the reinforce- 
mont to the crown of the masonry of the window eills should be not 
less than 140 em, out the height of the cornice strap of masonry — 
not lese than 500 mo. Ferrovoncrete straps are set at a height of 
60-300 ma and a width, equal to the thickness of the walls or less 
than the thicuness of walls by 120-200 an. 
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‘fhe strengthening of concrete and stone foundations ie done 
vy meens of a reinforced concrete frame strap having a height of 250- 
500 am with the reinforcement near the dase usually located leteral 
to the face of the vtrap. 


Tne calculation provides for tne technical conditions based on 
tne increased pressures in the plane of the tases. In this instance 
aith tre exelugion of a part of the foundations from bearing as a 
revult of undermining and uneven settieaent of the base, the settie- 
ment of the building occurs over a relative short time. The increased 
loacs on the bases become possible Oecnuse of the strengthening of 
wails and foundations, and they are initiated depending on the degree 
of rigidity of the walls, which is determined by the ratio of the 
length and height of a unit, larger or lass than 1.5. fhe calculated 
pressures are taken equal to the calculated resistances of bases 
with tne introduction of a coefficient which takes into account the 
increase in the calculated pressure. The value of this coefficient 
is equal to 1.2-).5 for gravelly, coarse and medium sands; for loans 
and fine sands, 1.5-1.8; for clay loams and clays, 1-4-1.75. The 
large values of the coefficients correspond to the high rigidity of 
malls and they can be assumed in the presence of the settling joints 
in tne closing walls and incentinuous ({sulid) interior walla. 


In. structural frage construction and buildings it 1s necessary 
te resort to tbe connecting of coluans in each compartment; in a 
number of cases are provided the connecting of the foundations, the 
possibility of straightening out the crane runway girders in horicontal 
and vertical directions with corresponding increase in the overhead 
crane siges. The filling in the walle should be fastened to the 
columns of the frame structure with flexible connections. 


A unified method of calculating the designs of buildings and 


corstruction being undermined otill does not exist. One of the 
sixnglest proposals of the given problem is given below. 
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The undermined constructions are regarded as beams on two 
supports, or as cantilever beams. The latter is the most character- 
Aetic soheme of loading. If we examine this case, then the force 
action on the un¢eralning of the construction is reduced to the 
following. 


With the settitng of the surface in section I-2 of the length 
of construction (Fig. 37), the average pressure on the plan: of the 
base, which constitutes to precipitation the amount ry within the 
limits of this section up to settlement, is practically reduced to 
zero. Slmultaneously, the value of the average pressures in the 
plane of the base in section 2-3 is substantially changed and it 
attains a maximum value of o) at point 2, which corresponds to the 
limit, beyond which there is a cutting of the soil under the sole 
of the foundation and a certain leaning of the construction. The 
latter corresponds to the decrease in the cantilever oy and the value 
of pressure at point 2. 
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(es Pig. 37. Pressure on the base 


of undermined structure. 
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By assigning a value of maxiaua pressure 9), one finds the value 
of cantilever y and the greatest value of the bending moment Mos 
based on the value cf which it ig possible to judge the rigidity and 
strength of the conetruction and the permissible length of unit, f. 
{¢ the value Ko is excossively great, one ought to increase the 
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numcer of etress-etrain joints, Dy raving shortened the same length 
of unit L, cantilever cat and correspondingly the value of the 
bending moment. “ith the calculations one cught to consider the 
iimiting values of tne cantilever overnangs of the foundations 4 
durlig the underaining of tne buildings, which according to the 
date in practice, reach 15-20% of tne length of the unit. 


investigations according to the determinination of the value of 
the :atural horizontally directed pressure on the foundations during 
unde:mining, were conducted on top of the building, carried out 
4u accordance with technical conditions, VYPU-01-58, using two units 
(sections) each having the size, 12 «15 = 6m. One unit has two 
furrvconerete straps in the walle and two straps in the continuous 
routings. The span of metal to the reinforcement of the walle and 
of Soundations, 2.5 ke/a?. The soils - clay loams of average density. 
The csfornations of the earth's surface (base) as a result of aining 
Activity were characterized by a radius of curvature up to 1.5 ka, 
inelined up to 10 mn/m and with horfeontal deformations up to 4% an/a 
Curing the mining activity the greatest lateral pressure attained ts 
9.96-1.3 kg/en® under a building. Following the mining activity the 
laceral pressure in the direction of the projection of the bed 
disappears, and croeswiee to the projection of the bed a residual 
luteral preseure comprises about 0.5 kg/en?, 


using temporary technical cenditions VTU-01-58 for calculating 
the undermined buildings witn walls made of brick masonry and heavy 
Uloeks, @ rather siaple method of ultiaate deformations of a structure 
ly provided. According to this method the over-all sizes of the 
sumpartments and the degree of reinforcement are found separately 
for the wells ard foundations on graphs, given under the technical 
conditions, depending on the curvature of the base and of the relative 
horizontal deformations of the surface during the undermining. 
Depending on the conditions, the spanning of the horieontal structural 
framework Cor strengthening tho walls constitutes 0.15-2.0 kg/m of 
hte Guleing, the spanning of the metal work into a vertical 
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reinforcement (used sometimes) is equal to S.25-('.5 ke/a?, and the 
spanning of the structural framework of foundations is found to be 
within tne Liaits of 0.25-1.0 kg/m? of the building. The devernined 
quantity of structural framework based on this dJatum is distributed 
(also separately) along the straps of the walis and foundations. 


During the examination of a structure aude of brick, having a 
length of 60 w, @ height of 11.6 1 and a volume cf 7200 n°, witn a 
calculated resistance of the soil of 1.8 kg/en*, and of horlzonsal 
deformation of the soil of 51073 and the radius of curvature of 
5 ko, the following wae established. In the partitioning of the 
building into two oompartwents by 30 m in size in order to atrongthen 
it, reinforcements 1 », are required for the building: in the waltz 
2.2 kgf, in the foundations, 0.8 kgf, the overall span of the struc- 
tural framework on the whole building is 23.4 ¢t. In the partitioning 
of the building into four coapartaents, 15 © in size, relnforcerents 
a a} are required: for strengthening the walls, 1.5 kgf, foundations, 
0.3 kgf, and the overall span of the reinforcement for the entire 
building is 18.04 ¢. 


AG the same conditions and with the height of the building at 
8.3.9, the partitioning of the buildings into 2 (or 4) compartaants 
of @ length of 30 (or 15) m leads to the need for introducing rein- 
forcements 1 2, in the buildings: in the walls 0.85 (or 0.22} kgf, 
in the foundations, 0.8 (or 0.13) kgf, and on the overall span of 
the reinforcement to a building, 8.8 (or 1.9) t. 


In calculating the structural frame systems of structures und 
buildings it 1s most expedient to consider directly the defornations 
of the systems, which appear as a resulz of the effect of the 
horizontal deformations of the surface during the undermining and 
separately, with the effect of uneven settlements of the base (the 
curvature of the surface during undermining). 


The horizontal deformations of compression or of tension at the 
base of the construction correspond to the displacement of the supports 
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of the uprights of the Crame by the value 4, equal to the product 
0.8 Claes where ¢ — the relative horizontal deformations of 
compression or of tension; La — distance from the center of 
gravity of a system to the uprights; for a frame with a span Lf (Fig. 
38) bie 0.5 L; 0.8 - the coefficient which takes into sacount a 
decrease in the intensity ¢. 


The curvature of the surface during undermining leads to the 
rotation of freely standing uprights with horizontal movements at 
their tops (in the absence of a cross-bar on the frame) by the amount 
4, and 4, (see Pig. 38). 


Fig. 38. Scheme for calculating the 
deformations of the structural frame 
of a building. 


The difference in the displacements of the tops of uprights 
Sy 7 45 - 4, © L/R &, where & — the radius of curvature of a surface 
during undermining. 


The caleulated displacements allow one to directly determine 
the strengthening, which appears in rods and joints of the structural 


Crame of tne construction of various systems during undermining. 


4. The Protection of Construction in Areas 
or A. 


snen @xploiting minera) deposits by underground or open pit 
awtLoods from shafts on open pits large volumea of waste rock 
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are excavated, which are storea in special sites on tne surface - 
duaps. The tailings of production of ore processing comines, 
primarily crushing-grading and crushing-dreseing plants (30-called 
“talle”), are also earmarked for ene duops. 


The material and granulometric composition of the duap: con 
be highly variable. Dumps of tailings of cruehing-dressing plants 
usually consist of crushed rock and partly of alluvial materials 
having a coarseness of 50-0 and 25-0 mm. Tailings frequently contain 
several kinds of ores and sometimes can be subsequently reprocessed 
for the purpose of a aore complete extraction of the aetal. 
Frequently, the crushed rock following grading, can be used for 
construction and other purposes. 


The dumpe of rocks issuing froa open pit and underground workinga 
consist predominantly of an almost barren aass. 


Por enterprises exploited over long periods of time (several 
decades), the duaps encoapase considerable areas. Therefore, the 
question commonly arises about utilizing the dump as foundation 
material in construction. 


As a foundation, the materials in dumps are heterogeneous, but 
test data and data on practical experience “ith the construction 
and operation of structures provide a basis for taking into 
consideration that the erection of a structure on a nueber of ten- 
year old mine dumps having a calculated foundation atrength of about 
a ke/en® is entirely possible. Some data on investigations of nine 
dumps as foundations are noted below. 


The investigated £111 soil on one of the industrial sites ‘s 
predominantly clay and clay losm. The age of the dump - several 
decades; mechanical consolidation after this material was duaped 
was not done. 3ecause of the relative instability of the surface 
relief, the clayey dump materlal 1s wetted and plastic, in places, 


33 


viscous; clayey sand [11] material is characterized by less moisture 
content. In the dump materia] there are admixtures of gravel, 
eobole, and couldery ore fragments, whose quantity reaches 40%, and 
more frequently, it constitutes about 10-15%. In mine dumps one 
rarely finds inclusions of relatively course stones up to 400 am in 
size. The thicknese of the fill conetitutes 6-10 @. Given in 

Pig. 39 are graphs of the settlement of boring tests in experimental 
pits, obtained as a result of teste on soils by trial loads. 


a) 


Premoure uncer teat ~e-ing 


Fig. 39. Graph of the settlement of 
boring tests froma the results of soil 
tests ueing trial loads: a) in clays 
and clay loans with admixtures of 
gravel, cobble and boulder-size ore 
fragments; 6) in clay loaas with 
admixtures of gravel sizes; 1 — clay 
and sandy loas, cobble-size fragments, 
up to 4%; 8% - clay, gravel and cobble- 
size fragments, 10-153, 3 - coarse 
cobble-size fragments; ¢ - silty sand, 
gravel and cobble-size ore fragments, 
108; & — clay toams, gravel and cobble- 
uize ore fragments, 20%. 


At another industrial site the age of the dumps at the time of 
the testa Wav avout 10 years. The fill nere was predominantly clay 
leam with vome inclusions of cobble and gravel-size fragwentes. 
Sraphe of tne settlement of boring tests obtained as a result of 
leaty on dumps ty trial loads in experimental pits, are given in 
Fly. 390. 
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In several industrial sites tne investigations were made of mine 
dumps, 5-15 yeare old, consisting of syenite residium vith the small 
inclusions of rock fragments. The tnicknes9 of tne f11) in one case 
constituted 5-10 m, in another, 7-6 m. In this case a certain part 
of the mine duap was unevenly consolidated by traffic moving adjacent 
to established railroad right-of-ways. 


In Table 4&, for example, data are given about the pressures 
under boring teets with equal settlement on the enumerated aites. 
The bearing capacity of the f111 increases with an incresse in the 
age of the aine dumps and with an increase in the content of rock 
fragment of codble and gravel seisces and of ledge rocx. 


Table 4. 


Pressure during the 
settlement of boring 
tests, equal to 6 ma, 


Content of cobble and 


Age of the mine ; 
gravel-size fragnents 


designs 


5 years Sone inolusions 0.5-0.9 
10 years 0.5-1.0 
15 years 1.0 

Several decades es 
1.7-2.0 
3-3 


(coarse cabble-sice 
fraguenta) 


The characteristics are known of other fills, 16 years old 
{loess-like clay loams with inclusions of slags), used ae foundations 
with a calculated bearing strength of 1.6 kg/ea® after consolidation 
by heavy tamping. 


In general as & result of the differences in age, content of 
inclusions and degree of consolidation it is not possible to give 
unified indexes of the bearing capacity of mine dumps. The character- 
tstica of mine dumps as foundations should be specifically established 
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for tne studied mine site. There fe a case for erecting individual 
@ine operations on mine duaps. In particular, at the old Ural iron 
ore maine a surface building and haulageeways of considerable length 
were constructed at the mine, a part of whose foundations were 
located on fill. ‘Theee foundations are made of ferroconcrete slabs 
with each having a size by design, 1&8 =» &; 11.5 « 8m, and others. 
ne slabs were set on dump heaps 5- and 8-years old consisting of 
residual clay 1oams from bedrock with inclusions of rock fragmente. 
Tne tnickness of the dump heaps 1s up to 14a. Beginning with the 
time of placement and loading of tne alabs in 1952 and up to the 
Fresust tioe the foundations continuously sustained loads at the 
average pressures in tne plane of tne foundations of about 1 ke/ca*, 
ané¢ any unforeseen settlement of tne foundations during the noted 
pericu was not noticed. 


Recently, on this same industrial site mass utilization of 
ire fuundations, set on the mine dumps took place. This prevented 
a failure in the structure of the caissons and coneiderably reduced 
the cost of the building. 


Therefore, utilizing the mine dumps as foundations instead of 
constructing expensive artificial foundations in a number of cases 
results in a reduction of the cost of the building. 


liowever, when using mine dumps as foundations for the construc- 
tion of buildings, preventive measures should be carried out. In the 
first place it 1s necessary to consider the posaibility of uneven 
settlement. 


Tulse circuastance, which hase a slight effect on the success of 
using wooder. ar. metallic designs, acquires an exceptionally large 
value ween selecting designs of ferroconcrete and even more so, for 
usica und stone buildings. 


Perrveuiorete structural frames aust be constructed go that 


the mutuaa connection betxcen the uprights for separately supported 
foundations wouid be carried out predominantly with the aid of metallic 
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elements. The rigidity of the Jointe of the uprights with the 
girders in thie instance are 4isregarded. The foundatians using 
the limited sizes of tne structures or their compartments in the 
design should be mage in the form of rigid slabs and strips, at 
sufficiently rigid frames witn heavy girders, erected at several 
levels; it 16 also possible to utilize ferroconcrete shoes. 


Filling in che valte snoula be as light as possible. Stone 
designs in filling tne frame, and also in the support wally, as 4 
rule, should be excluded. 


Elongated structures must bo divided lengthwise into coapurtnents 
uccording to settlement sears. 


Generally, during the construction of buildings and related 
construction, located on settled eoils, construction seasures should 
be provided, which approxiastely correspond to those measures for 
the protection of undermined buildings and related construction. 


Esrlier mine dumps were considered from the point of view of 
their suitability as foundations for struotures and buildings. 
However, it 1s necessary to keep in mind of that the nonnre disturbes 
rock available either through mining, or ae dump material of ore- 
dresging plants, or by means of working existing mine dumps, are 
frequently high-grade raw xateriale for the construction industry 
and, as a mule, ca: be directly used at the production site for the 
erection of mine structures. Specifically, construction road metal 
obtained as a result of crushing and sorting of disturbed bedrock 
of the majority of ore deposits, is characterized by high mechanical 
indexes, and is suitable for the manufacture of concretes of high 
grade, which correspond by strength to concrete with normal cruahed 
granite stone. 


The mechanical strengtn, for example, primary Urals hornblendites, 


Kachanar pyrozenites, Krivoy rog quarteites, Tagil' and other syenites, 
porphyrites and others, is very high. 
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Rook, which 46 alzoat inert due to a lack of disturbance over 
& long period of time, can aleo be successfully used for mine 
construction. Thus, for inetance, with the utilization of concrete, 
oade of cruched hornblendite rook, a hopper was erected joined to a 
Support wall. From 1937 to the present time this construction was 
aubjact ty severe conditions of operation, systepatioally undergoing 
Liaw action of conuideFatle impact loads, but no sort of deformation 
way received, which, jn particular, can aleo be explained by the 
aAtLgh strength of concrete, asde from crushed hornblendite rock. 


5. Special Cases for Protecting of Mine 
Construction at the Surface 


Measures for protecting mine construction at the eurface depend 
upon @ nutber of conditions, and to a coneiderable degree, bear 
<ndividual characteristios. Therefore, shown telow are the 
wlaracberisties for mine construction phenomena at the surface, 

Wich act unfavorably on tneir state of operation, and on the -measurca 
of seetection. 


During the excavation and shoring up of the shaft a considerable 
amcaunt of cxeavated material is more or less involved; as a consequence 
of this, tie shoring of she moutn of the shaft under the action of 
toade is displaced downward 4nd corresponding settlement oocurs as 
well as deformations of the aachine etand and other elements of tne 
pilu drives, sometimes even adjacent to the construction. Tne same 
resuil can be abserved during the settlement of shoring and the pile 
driver ax a cosult of the settlement of the soil and other reasons. 
<n these cusvs for pite drivers with guide pulleys the following 
Measures of prcetect'o» are taken: e 


1) Raktog Lou erception for the posaibility of excavating muck 
by mens of utilizaticn tne corresponding technology and syetematic 
oem when driving the shaft. 4&1] the excavation taxing place should 
ee cightiy packed with resvle using the procedure in certain cases 
of subsequent camping of the shored up space; 
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2) tne transfer of tha loade from the surface pile driver to the 
particular foundations; 


3) the carrylng out of construction measures, which prevent tno 
unfavoradie consequences of the excavation of rocks. 


The development of the foundation area of the supporting rin 
of the shored up shaft more than is necessary, uccording to the 
calculated value determined, not allowing for the possibility of 
excavating the rock, is related to a number of conventional 
etion measures for the protection of metallic pile drivers 
ide pulleys. 


~ 

In certain cases the calculated area of the foundation is 
determined by reduaing the calculated area of the supporting rém by 
the amount of the arbitrary area of the interior rim of the foundation. 
The width of this exclusive rim, depending on the nature of the 

soila and the cross-sectiona! area of the shaft is taken as 0.8-0.5 

up to la. 


Sowetines, the area of the foundation of the supporting rim of 
the ¢..ored up aouth o” ©’ shaft is done by inereasing its diameter; 
the Jatter sometimes 12 accompanied by the simultaneous filling 
of the shored up aouth of the shaft in the form of a truncated conc. 


By Joining tne shoring of the ahaft opening with the adjacent 
foundations, the base of the unit has a predominantly right angle 
form, which corresponds to the overall sizes of the conetruction. 


In tne cases of highly provable or inevitable sinking of the 
propa the measures of protecting on the surface pile driver amount 
to the erection of supporting units of construction of a specific 
deaign, which allows for tho movement of the pile driver in horizontal 
and vertical djrections. 
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For the protection of the structuree along with the multiple- 
sacle lift and caking into consideration the possibility of their 
settlenent and leanirg the following is provided. 


1} the erection of designed and laid-out foundations, separated 
(eon the shoring of the shaft opening; the erection of continuous 
Clat, ribseé, oompartnented and hollow foundation slabs, extensively 
usec within the coamfines of the construction areas and beyond its 
tinits also in areas removed from the snored up shaft opening; 


2) tne utilization of artificial foundations; 


3) the utilization of special designs, whose presence results in 
the possibility of eliminating settlement and leaning; the utilization 
of rocess and slabs for the use of hydraulic jacks; 


3) the utilization of worked out anchor pits or other designs, 
the presence which aliows for tho possibility of small moveeents of 
eultiple cavle 1ift machines, engines and deflector pu'i-ye also in 
terms of tne vertical direction. 


2 CHAPTER lit 


STRUCTURAL DESION SOLUTIONS AND THE ELEMENTS 
OP MINE CONSTRUCTION 


1. Structural Design Solutions of Mine 
Construction ond Bul idings 


Kine construction and buildings frequently have, by design, 
-omplex forms. ‘The main design prodlem consists of simplifying the 
outlines of the conecruction and buildings with their best possible 
approach to that of a rectangle and to alimple mits of rectangles. 
-he second task fia the untficatton of the design and construction 
solutions. Thie prodlem with respect to the utilization of mine 
construction and mine buildings should be exaaired séparately. A 
brief preliminary examination of the problem of the witfication 
of the plaster-like atz of the butlidinge requires one to keep in 
mind possibility and expediency of maximum utilication of unified 
modular sizes and of corresponding unified sectional designs of 
industrial buildings for erecting aine structures. 


Por structural frames of one-story wiified industrial butldings, 
without considering some of the exceptions, ferroconcrete designs are 
predominantly used today. The uprights of the girders are usually 
made of sectional ferroconcrete, set in sectional or unified shoes. 
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Ferroconcrete and stressed reinforced sectional beams and trusses 
of the floorings (spans of the frames) are installed on the uprights 
uf the frames and hirged to then. 


Tag unification of the sizea of the buildings is assured by 
taking the following neasires. 


Por one~story industrial buildings it is preferabie to utilize 
pacallel spans with identical dimensions with respect to width and 
height. One should not allow a drop in the heights between the epans 
in one direction, if the magnitude of the drop is less than 2 ». The 
overhead crane eize on the runways of an equal height with seotional 
ferrcoconcrete coluans should be installed by the heaviest cranes, 
by using the upper crane arp at one level. 


Tne sices of the spans of the building should be aultiples of 
the unit modulus, equal to 3 m (6; 9; 12; 15; 18m), and with the 
Jarger spans - multiples of 6 m (24; 30, 35 m). Spans equal to 18; 
24; 30 m are predominantly taken. The distance from the marked off 
axis of the overhead crane railway with a bearing capacity up to 
Sd 2, a8 & Ppule, ie taken as equal to 750 mm. The spacing of the 
fiers is found to be equal to 6 and 12 m. 


Tne height of the compartments in the nonoverhead crane type 
bulldings and for suspension overhead cranes is taken a9 a multiple 
of 1 m, oredvainantly equal to 5-7 m. With overhead cranes the 
height to the overhead crane railway is also a multiple of 1 m, but at 
the height of wore than 8 m@ to the overhead railway ia taken to be & 
multiple of 2 m, and predominantly equal to 6; 10 and 12 a. 


Multiple-story buildings are taken having a width of not less 
than 29 or 18m. The grid of the colume in multiple-story buildings 
6 x G and 6 ~ 12 m, the latter - with a payload on the flooring 
up to i t/a. ‘The height of the floors of multiple-stury buildings 
15 takon equal to 3.6; 4.2; 9.8 end 6 m=. 
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The drop in the heights between adjacent spans with a comination 
of longitudinal expansion joint and with ferroconcrete colums is 
solved using too colums, and without the combination of an expansion 
joint - on one colum. 


The outer face of the columns on the overhead crane runway with 
a load carrying capacity up to 30 t, as a rule, ia aligned along the 
narked off axie; with a spacing of the ferroconcrete columns to l2n 
and more, and also with the metallic frame, the outer column !s located 
at a dlatanoe of 250 or 500 m from the marked off anise. The center of 
the overhead crane parts of the middle coluans 16 located longthwise 
to the marked off azis. The end columns are offset from the transverse 
center line. 


The tying in of the support walls is done in the following 
eanner: in walle having a thickness of 380-500 mm the center 
line passes at a distence of 130-200 mm from the inner surface 
of the wall. With the support of the flooring beams on pilasters, 
the center line passes st 120 am from the inner surface of the 
all and 250 mm froa the inner surface of the pilasters. Ata 
support of the beams an the walls having a thickness of more 
than 500 am, the distance batween the center line and the inner 
surface of the wall is taken equal to 250 am. The inner surfacc 
of the wall with the pilasters of more than 130 ma is located on 
the center line. With the support of the flooring 9labs on the side 
wall the inner surface of the latter is placed 120-150 mm froa 
the center axis. 


Data on the unification on the volume-design and the structural 
solutions of buildings and related construction of coal mines 
and dressing plants are of interest. These subjeots are associated 
with modular sizes, cstabliched from the position of the unification 
of designs, and basically they correspond to the latter data om 
the unification of induetrial buildings. Data on the unification 
of buildings and related construction of coal mines include 39 
digensianal schemes with the layout of these various full-scale 
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industrial structures. Diagram 4 (Pig. 40) can be used as a 
mechanical workshop, warehouse, garage, calorific plant. Slagram 15 
forresponds to the placement of lift machines with the diameters 

of drums of § and 6 m. Diagrams 27 (Fig. 41) characterizes the 
over-all sizes of boiler house with 2-" boilers, Diagram 35 
corresponds to @ section of a commercial complex with a ekip-winding 
lift producing 0.6-1.2 million t of coal per year and transporting 
the rock with the aid of a suspension cableway. 
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Pig. 40. Pull size diagram of one-story 
Dulldings related construction. 


Recently the first stage of work was conducted dealing with the 
ravifora mification of the design 4nd construction solutions of 
buildings and related construction of the coal and mining enterprises. 
Unification up to now encoxpasses Dasically only one-story auxillary- 
eroduction buildings of surface ore and coal aines, including 
ventilator buildings, warehouses, calorific buildings, maintanance 
worashopy, electric substations, compressor and lift machine buildings. 
Tre overall ciees of the corresponding standardized sections of 
one-story buildings without overhead crane runways are given in 
Table 5, bulldings with overhead crane runways - in Table 6. 
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Pig. 41. Overall dimension schemes of aultinle-story buird- 
ings and related construction. 
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The spans of buildings are taken equal to 6; 12; 15; 18 mB. 
The laterval is 6 m. The height to the support flooring structure 
in bujlding franas without overhead crane runways is taken in 
multiples of 1m, in buildings without overhead crane runways 
but with support walls, aultiples of 0.2 m. In buildings with 
overnead crane runwaye the height to the runways is a auitiple 
cr ln, and to the supporting structures of the fleoring 0.2 a. 
Tho height of all basement compartments, 3.6 a. Lift equipment 
with a load-iifting capacity of 2 and 3 t 18 handled by single-beam 
suspension crane or monorails, but with a load-lifting capacity 
of 5; 13 and 20 t - ore overhead cranes. The buildings of lift 
machines are provided with basements and without basements. In 
tne first case the height of a basement, equal to 3.6 m is set 
apart in Tables 5 and 6; in the secand case the overall height of 
tne buildizg ia shown. 
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The data given here are partly supplementary xaterial during 
the transition from problems of prefabrication of buidings to 
problems of prefabriocation of mine construction, which is presently 
found in tha initial stage - the stage of development, the sun total 
of which stil] has not been established. Separate information on 
the problens of the prefabrication of various construction is given 
below, directly from their description. Relatively te the general 
recommendations in the trend of prefabrication of the design and 
structural solutione of aine construction 5o the nearest period 
can be show as follows. 


With this possibility one ought to use the data on the prefabrica- 
tion of industrial buildings. Por the construction, as e rule, 
one ought to use spans of 6; 9; 12; 18; 24; 30 wm; svutual distances 
between the uprights, frames and supports, 6 and 12 x. 


For the spacing of the uprights of piere, galleries and 
passages, ane ought to take multiples of 6 m. At a small height 
or with considerable loads the spacing of the uprights may be 
equal to 6m, for the remaining cases the spacing of the uprights 
one ought to aseume predominately that of 12; 18; 24 n. 


The spacing of the uprights of surface mine conagtruction 
(deckhead buildings) is taken equal to 6 and 12 mn, but in a numer 
of canes it reaches 16; 24; 30 n. 


The interval of the uprights of loading bunkers is usually 
equal 6 n. 


The problems of wmitizing the construction are most oinoly 
solved by replacing the overhead travelling cranes with outdoor 
lift-transport equipment, not connected with support structures, 
and by the location of the equipment on cleared an¢ half-cleared 
ground and with the wmitizing of structural designs. 
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Tre utilization of unitized etructures is most feasible for 
one-stcry mine construction as for example, decknead buildings 
with baulage at the design level. Such deckhead buildings, without 
ecnuidering the presonce of complex jJointe of the shafte, are 
cigilar to industrial shops. In this instence the utilication not 
only of witized flooring designe 18 possible, but also of utilized 
seccional oolume, shoes, foundation and overhead crane girders 
and 90 on. 


(ouever, the utilization of utilized structures even in the 
aiweleat twc-story deckhead Duildings ic not an easy task. Thus, 
fur ingtance, in a@ two-story building difficulties ariee, induced 
Sy the oresenoe of the flooring at the level of the upper docking 
ures, located at a height of 6-30 m above the planning level and 
characterized by large spans and by considerable dynamic loads. 
™e typlfication of such buildings should prinarily begin with 
vhe solection of etandard spans, beams and flooring slabs, the 
spacing of the columns and the connecting of the upper etory of 
the frame of the filled walls. The composition of the unitized 
structures of a given group of a construction complex can be 
subsequently enlarged, keeping in mind the utilization of the 
geirinug quantity of the type and dimenaiona of the sectional farts. 
‘These approaches are also applicable to other structures, which 
have solutions coinciding with the solutions of industrial buildings. 
Belonging to thie type of construction are several modular framevorie 
wita ferroconcrete and combined multiple-story frames. As flooring 
for these housings,the utilization of sectional farroconcrete and 
prestressed structures (Pig. 42) 1s poseible as a rule. 


The ferroconcretea above grade sectional frame of a crushing 
nll (Mg. 43) can be combined with the monolithic underground 
part of tne framework, sometimes embedded several tene of meters 
below the planning level. In this instance the above grade fraaework 
for the most part, canbe aade using unitized etructures (elabe, 
beams or casping girders, wall fillings, of window lintele, of 
foundation beaas, carticularly overhead crane beams end others). 
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Fig. 42. A superstructure with preferred 


utilization of sectional ferrcconcrete 
flooring and capping structures. 


Pig. 93. Sectional above 
grade frame and underground 
monolithic part of the crush- 
ing mill housing. 


as already noted, in mine buildings and related construction 
n-edeinantly ferroconcrete support designs, especially sectional 
forroconcrete columns, sectional prestressed overhead crane Oeans 
with epans of 6 and 12 m (with overhead cranes of a general purpose 
having a load-lifting capacity of 30 t), sectional ferroconcrete 
prestressed beams and flooring trusses and so on should be used. 
However, in a number of oases the complete utilization of sectional 
ferroconerets in mine construction results in an excessively large 
quantity of typical dimensions and forms end in their slight use. 
On the other hand, a large amount of strengthening at the joints 
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of clements cf structucal frames also complicates the solutions 
of sectional designs. In most cases the installation of siaplest 
mtalile connections leads to a sharp decrease in the transverse 
forses and in the values of the bending moments in the uprighte 
and Jointe of the frames, and to a substantial eimplification of 
the parts and joints af the design. The reduction of axpenditure 
of the metal achieved ac a result of the utilization of metallic 
aonnestions usually compensates for the expenditure of metal at 
the connection. However, the expediency of tnis measure should 
de examined separately in each individual case. Pigure 45 gives 
diagrams of reinforced concrete fremes. In Pig. 45 - the diagram 
ef a multistage frame. 


Pig. 48. Diagrams of 
ferroconcrete frames. 


Fig. 45. Multietage 
ferroconcrete frane with 
metallic joints in the 
plane of the frame. 


Tn a number of cases is expedient the partial utilization of 
metal in Sight euperstructures which capa parts of the construction, 
saylignts, inélvidual spans. "igure ¥6 shows a diagram of a section 
ofa sectional ferroconcrete loading ramp, aade from repeating 
sectional elements (upright, cross-bar, main beam). This result 
wat possible because of the intreduction of a single nonstandard 
span of a ramp osde of metallic eran structure 1. 


so 


Pig. 46. A section of a ferrocancrete 
raup with one detallic span structure. 


Conbinations of reinforced concrete frames in the loading 
hoppers and in other hoppers, where the container part of the 
structure is made of light metallic atructures utiliced fur the 
tranemission of expanding forces are quite completely expedicnt. 
These deeigne are described in Chapter XI. 


In increasingly more or less complex structures the utilization 
of reinforced concrete is usually effective in conjunction with 
metallic structures. &n example of thie are mine heads with idler 
Pulloys. The erection of a ferroconorete mine head frame is comlex 
and critical work whereas the manufacture and installation of the 
cetallic mine head usually do not osuse difficulties. 


Individual maine structures can be made completely out of 
metallic designs. For example, the mine head with idler pulleys 
are usually made of metal. Furthermore, technical conditions 
permitting, there can be metallic deeigne for tl.e bridges of the 
conveyor tunnele with spans of more than 18 9, supports for tunnels 
having a beight of more than 14 m, deckhead buildings in sections 
close to the shafts, and aleo for flooring of deckheaad and other 
mine buildings and related etructures with a spacing of the 
uprights of more than 12 m, with spans of more than 30 (24) m. The 
utilization of the metallic designs for the floorings of deckhead 
buildings, which differ in complexity and in the response to 
considerable dynanic loads, one should connect the ferroconcrete 
sectional plates using epane of 3 and 6 m, which bear the ballast 
and traffic. Under these cond.tions the utilization of the metallic 
structures 1s expedient with a spacing of the uprights at 12 a or 
more. 
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The utilization of metallic coluame and framework in industrial 
buildings involves great heights and large loads under heavy 
wcrking conditions of the cranes. Pigure 47 shows a diagram of 
the frume cf a heavy modular superstructure whose composition 
in:ludes varabolic kettle feed bins, ore storage bine and others. 
The franawork 18 equipped with several overhead cranes, whose load- 
-tftlng capacity attains 250 t. The length of the framework is 
754 m, and for its erection about &0 thousand tons of wetal structures 
ty necossary. 


Pig. 97. The framewcre of an ore dressing plant. 


For framoworks sinilar to that given in Fig. 47, just as for 
that noted above, the utilization of the combination of reinforced 
foncrete designs with the maximally possible introduction of sectional 
ferroconcrete and preliminarily prestressed structures and parts 
is expedient: slnbs and flooring panels, coverings, walle, channele, 
Support walls, funnels, beams, hoppers; beams and trusses of the 
cupping and based on feasibility, of span of frames, uprights and 
othecs. Por a lesser number of frames based on size (see Pig. 42) 
she partial utilization of sectional ferroconcrete and prestressed 
des‘gne of the fram has already been carried out. 
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The introduction of stressed metallic designe 13 expedient -r 
conveyor tunnels in ore bins with the spans of the tunnels being 
50-100 m, and also in some other structures. This leads to a 
decrease in the height of the trusses, to the possibility of placing 
the trusses predominantly according to the layout of the tunnels 
and to o reduction in the expenditure of metal. Under these 
conditions the suspended and composite diagram of Span structures 
in the construction of ore bins are possible. 


Por a number of pita the wooden frames used predosinantly for 
cold conetruction are rather common. For protectian in case of 
dampness, sanitation and the presence of natural ventilation, the 
utilisation of simple and light wooden frames is expedient for a 
nuober of etructures and it is completely effective over short 
periods when operating the mine. Figure 48 shows a diagram of 8 
light wooden flooring frame of the tunnel work. Such designe with 
upane of 3 to 15 m are widely used in pits 30 years old for 
hauling, surface hopper, and conveyor tunnels and other structures. 
Frequently, these frameworks are set in ferroconcrete uprights, 
faced with asbestos-cement sheets which increases the degree of 
fireproofing and insures the covering of the wooden designs. 


Pig. 48. Light wooden flooring 
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‘ihe wonden frames, reinforced with metallic structures, can 
te yuscessfully used over a corresponding period of service of 
the structure in mlne heads, wooden and wooden-ferroconcrete hoppers, 
und 3eckhead bulldings. In the case of considerable :oads an 
floortngs, metallic cross beams of frames of combined design 
(Fig. 49) have been used with success. 


Pig. 49. The structural frame 
with reinforced cross beans. 


2. The Elements of Construction 


Poundattons. For individual small construction including 
buildings, “hich have a relatively complex form by design, continuous 
footings are used ~ monolithic and sectional. The transverse profile 
of a continuous footing, as a rule, should be ¢elose to the forn 
of a doutle-T, with the development in the base and towards the 
top - mder the pedestal part of the wall. The width of the 
foundation in the alddle part of the profile is taken as ainimun: 
fron a concrete 300 am or more; from a rubble concrete, concrete 
blocs and stones of a proper form, 400 mm or more; from rudble 
rasenvy, 500 mn or more. 
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The development of the profile at the Case upwards is done 
with ledgea, depending on the material of the foundation. The ratio 
of the height and deviation of a ledge ie usually taken fro rubble 
masonry, rublie conorete and concrete, from 2 to 1.2; for concrete 
this ratio can be reduced to 1. The development of a profile at 
the base is carried out mainly because of the introduction of sectionel 
or monolithic ferroconcrete pad, 1-3 a wide at a height of 0.3-0.5 a. 


In the actual construction of aines are moet widespread 
columar foundatians of the inverted tumbler type. In connection 
with this is the fact that a mine construction in most cases has 
2 complex underground makeup, which is characterized by the presence 
of tunnels, vassageways, chambers, sumps, complex and sizable 
retaining walls, foundations for equipment, more expedient utilization 
of the foundations having the location of their top at the 0.95-9.15 m 
werk, 1.¢., approximately at the planning level. A similar arrangement 
of the foundations should be completed primarily having in mind tho 
difficulties of moving construction cranes. In this instance it 
is necessary to fill in the excavated areas with soil immediately 
after installing the foundations; this facilitates the creation 
of the most convenient conditions for the movement of construction 
equiprent. The edges of the fountations of the columns in this 
case are not made less than 300 am; the usual miniaum width of 
the upper step of the foundation is 1 m. The foundation beams rest 
on bosses, but with a width of the upper step of the foudation 
of more than 1a, the beam are placed in niches of the foundations, 
flush with their top. A cer*ain increase in the volumes of the 
foundations using these structural techniques is partially compensated 
for by the decrease in the length of the columns and of the foundation 
beams. The expediency of the raised position of the column foundations 
is lowered with an increase in the spans and with the reduction in 
the volume of underground activity, and also with the increase in 
the depth of laying the foundations. Under these conditions the 
utilization of elongated colums ie possible at a lowered position 
of the top of the foundations relative to the planning level. 
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With the placing of the etructure on old mine dumps, freshly 
compacted dumps, settled earth, Slightly and relatively intensively 
gensolidated soils and in other cases foundation ferreconcrete slabs 
have been developed by design and used with success. The utilication 
of the latter Irequently allows one to avoid complex artificial 
bases, deep foundations, piles and caiseons. Under aine conditions 
tne presence of the large foundation slabs in aost cases prevents 
sebstantial deformations in the construction with partially settled 
carta tn the zone of direct abutting to the shaft, loading funnels 
and under other conditions. 


in the hauling galleries foundation slabs having an area of 
13) o are used, and in the deckhead and other buildings - up to 


1300 n°. he diagrams of foundation elabe are given in division III. 


Nith the infeasibility or undesirability of introducing aett lenent 
(sarinkage) joints and a considerable build up of slabs by desig one 
aught to coneider the uneven distribution of the pressures on the 
soil and the possibility of local settlement of foundation slabs 
with a perceptible (sometimes temporary) redistribution of the 
reinforcements in the sleb. In such cases it fe necessary to 
specify slabs appropriate to the eteel framewcrk. 


Siebs of increased thickness and massive ferroconcrete foundations 
are application for various equipment, lift machines, orushers 
and others. Figure 50 given a two-level foundation, designed for 
the installation of two crushers. The height of similar foundations 
attatns 29 m and mo:>,. 


With sunken massive housing foundation slabs massive foundations, 
in 3 nuaber of cases, serve as the foundations of the structure 
and equipment. Examples of massive foundation slabs, of supporting 
loads from the equipment and of the frame of crushing mill, are 
show in Figs. %3 and 5€. The greatest massive foundation is 
mpresented in Fig. 51. This foundation is designed for a group of 
higaly predeet(ve crushers, and the structures of the framework are 
supportad on tr. 


, i sy Fig. 50. A two-leve: foundation of a 
H crushing mill. 


Fig. 51. The greatest massive foundation 
of a sunken mine housing frame. 
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Te driven piles have limited utilieation in connection with 
the soils, piles and dumps of rock inclusions and boulders, which 
prevent the driving of the piles. Furthermore, the level of the 
ground water under the conditions of mining, frequently fluctuates 
within considerable limits, and within thicker piles the ground water 
4s usually absent, which precludes the utilization of wooden piles. 
Por these reasons piles in & continuous section installed using 
acouringe and vibrations, are searely applied. Tubular ferroconcrete 
piles of 2 large diameter and piles in place of all types siould be 
more exteniively used. 
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Caissons are used in the construction of mines fairly often. 
“ne forms of the cailssone by design can vary: round, hexahedral, 
polyhedral, square, square with mitered angles, rectangular and others. 
The selection of the form of caissons is done depending on the outline 
and mutual Location of the structures and their foundations. 


the decth of the caisson usualty conatisutes 10-20 m and attaina 
uO a. 


The sizes of tne calesons by design attain 40 = 40 m and more, 
svequontly they are not only used as foundations of buildings and 
related cunstruction, but aleo as foundations for scientific equip- 
ment. ‘The walle of one euch caisson has a thickness of 1 m towards 
the top and 1.95 a in the lower part of the structure, reinforced 
with vertical strengthened frames aade of § rods of a periodic profile 
36e, set at 1.6 m from the perimeter. With a diameter of a caisson 
at 33 m and a height of 2/ m the expenditure of concrete constitutes 
4250 n3, the steel reinforcement, 470 t. 


Figure §2 shows a caisson with a diameter of 43.7 » at a height 
{to a depth) of 29.3 m. The walla of this caisson have a thickneas 
of 1.5 m towards the top and 2.95 mp in the lower part. Durdgg the 
construction cf the caisson 478 t of reinforcement frame was erected, 
G217 n? concrete was poured, 37 thousand x3 of goll excavated. Por 
the earthen work two excavators with scoops having a capacity of 
0.5 a, and 8 bulldozer, were used. Soil was lifted to the surface 
by ts gantry cranes in metalic dumping bodies with a capacity of 
z2ar. 


The location of the foundations on permafrost soils is not 
geen as a common place phenamenon with reapect to deckhead buildingn 
and other atructures, but is seen a mines in the north and north-east 
rogicns of the USSR. Under these conditions it 1s necessary to use 
the expartence of erecting various buildings and related construction 
on pernafrost solle. The given problem is quite specialized, 
associated with problens of permafrost studies and cannot be presented 
in the presen chapter. 
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Pig. 52. A cylindrical caisson 
with a diameter of 43.7 a. 


In « number of cases the installation of the construction ard 
their foundations on pervafrost eolle is done using the principle of 
preserving the permafrost. During tre operation of the structure 
negative teaperatures of soile of the building site are aaintained 
which are acest eimply carried out in unheated construction, raaps, 
galleries, bridges, various storage bins. In heated buildings and 
related construction one focuses his attention on the equipment of 
the cold unéerground, its reliable ventilation, the preservation of 
conservation low temperatures here. In this case as well as others 
the supports of the structure will sina into the go1l by a calculation 
of their reliable anchorage, which prevents the development of the 
swelling forces of the active layer of the soils. Figure 53 gives 
an example of construction, which ie elevated based on the principle 
of preserving the peraafrost. 


ae” aude “ve soot 
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Pig. 53. Building for lift 
machines, designed on the 
principle of the preservation 
of the perpafrost. 
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Tne degree of complexity of laying the foundations increases 
with sheir concentration on relatively awaller sitea, especially, 
mize siufte, where a pile driver and other surface construction, haul- 
ing gslleries, lift-lusding hoppers, receiving funnelo of crushing- 
grading devices, of factories and of ore-dreasing combines, ducts for 
the supply of air, passable and iapassable tunnels, foundations for 
equipment, and others are usually concentrated. All the enumerated 
structures are organized on o small aits, ag a consequence of which 
the arrangewent ¢f tha numerous foundations is hampered, and the 
individual foundation units are divided sometimes by only seams. 


Pigure 54a gives an example of a unit of foundations for heavy 
iron-ore shafts, where on a amall section having an ares of about 
1000 n® a series of foundations of mine construction 1s concentrated. 
The presence and development of the foundations are determined as 
follows. 


The shoring of the mouth of the mine shaft 1 is done by a 
pile driver and has a series of devices, niches, apertures. Caissons 
2 with an inscribed diameter of about 8 a at a depth of 16 o transait 
about two thousand tone of various loads to the soils of the 
foundation from the 11ft-loading skip bunkers. The transmission of 
the loade from the hoppers to the soils located above in thie instance 
was not poseible. The foundations of the deckhead and related 
vonatructicn - hauling galleries 3 for a given unit are substantially 
deveicped in connection with the need for the purpose of spans of 
qilleries within the limits up to 30 m. Unlike the foundations, fill 
soils have been accepted aa a base of a deckhouse building. The 
ferroconcrete receiving funnel 5 abutting against the unit of the 
crushing-dresaing miil is also sunken considerably lower than the 
level of the surface reiief; the foundations of the funnol ere lain 
at & depth of 16-18 m. 
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Pig. 54. The units of the foundations, positioned abutting againat 
mine shafte: 1 shoring - mouth; 2 - caiasons - the artificial founda- 
tions of the hoppers; 2 - the foundations of hauling galleries and of 
a deckhouse building; §& - the foundation of a crushing mill; 5 - the 
receiving funnel of the crushing-dressing mill. 


Pigure 54b depicts a unit of the foundation for a small iron- 
ore mine shaft. Pigure 5c shows the unit of foundations for the 
shaft of one additional heavy iron-ore mine. Figure 544 shows the 
unit of the foundations fox » shaft of one of the heavy mines of the 
copper-ore industry. 


Depending on the distance from the shaft tne compactness of 
the foundation sitea of the construction, their quantity and sizes are 
usually reduced, However, even on these sites, the various structures, 
for example hauling galleries, have considerable height and have 
greater extent, which attains 500 m at corresponding values of the 
areas, and also they are characterized by large loads and by built-up 
foundations. 
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Enclosing elements and temperature-moisture conditions of 
their operation. At industrial aine sitee lacking ventilation or 
having ursatisfactozy operation the working conditions with reapect 
to temperature and moisture frequently act unfavorably as barriers, 

In enclosed storage bins of moiet ores and concentrates, deckhouse 
construction (buildings), at wany industrial sites with the washing 
of the floora, including the galleries, surface and underground hopper 
sites, sorting equipment, the separation areas, washing devices and 
plants and related housing having a mofsture source, the humidity, 

a6 @ rule, has increased. 


In a nuwer of cases st industrial sites unfavorable teaperature- 
neisture conditions are created separately. For example, the condition 
at a aite, where the ore is located following a process of drying. 

The moisture of the ore which is passed through the drying drums, 
amounts to about 15% at a temperature up to 80°. ‘The dried steaming 
ore enters the conveyor galleries, where as a result of the small 
volumes of the working space and the absence of effective ventilation 
the relative nusidity attains 90-1005 at a temperature of 15-25°. 
One observes analogous and worst conditions in galleries and adjacent 
construction with the so-called return cycle of agglomeration 

plants, where the relative humidity attains 90-100% at a temperature 
of 25°; also, et sites for the thawing of an ore, where the relative 
humidity constitutes 100%, and at a temperature - 100°, 


In all snown cases and in other euch cases ventilation equip- 
ment tu neceasery. However, the coaplexes of construction and build- 
ings of mining enterprises are characterized in a number of caves 
oy a large number of industrial eites, located ut various levels, 
in numerous gelleries, at transfer units and at other points. On the 
other hand, a rather high peraisuible limit of relative humidity 
(80%) and 8 temperature (23°) which act aa standards in the working 
zone of the industrial sites, close to the above shown indexes has 
been established. Therefore, in a number of cases during the examina- 
tior. of the degigns for barriers, one ought to take into consideration 
along with the practical inderes, the values of the temperatures and 
of tha relative humidity of the {ndustrial wine sites. In this case 
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it 1e necessary to consider that the humidity and temperature at the 
sites are relatively constant over the course of twenty-four hours. 

Applicable to these indexes it is poseible to preliminarily differ- 

entiate the sites into separate groups. 


Thus, for a group with a temperature below 15° and a relative 
humidity of legs than 60% one can include the sites of open hauling 
Galleries, crushing-sorting mills and factories with conveyor 
ealleries (during the dry dressing pr.cess), lift machines sites, 
asintenance workshops, dump truck stands, the depot fcr duzp cars 
and travelling machines. 


One ought to consider separately the sites of multirope lift 
machines. The temperature of the air at these sites can reach 20° 
and, to a considerable degree, depends upon the effectiveness of the 
artificial ventilation. 


Por a group with a temperature below 15° and a relative 
humidity of 61-75% one can include a number of deckhouse structures 
(deckhouse buildings) and enclosed hauling galleries abutting to 
mine shafta; the crushing and sorting mill sites, surface and 
underground hopper sites, transfer unit cites and conveyor galleries 
equipped with washing floors and walls; washing equipment, wet 
dressing planta, the enclosed storage bins for moist ores and con- 
centrates. 


For the group with a temperature below 25° and with a relative 
humidity of more than 75% one includes the galleries of the return 
cycle, the galleries of ore drying housing, utilized for stockpiling 
elightly dried ore, and the separate sites of planta handling wet 
dressed ore. Plushing abrasive and other wet sites of daily 
operated enterprises are characterized, furthernore, by an increased 
risen temperature of those sites, climbing up to 25~30°. 


Industrial sites for the defrosting (thawing) of an ore, where 
the temperature coaprines about 100° at a relative hunidity of 100% 
constitutes a special group. 


Plosrings and cappings of mine construction are usually done 
in the form of dense and steam-tight, moisture- and frost-resistant 
ferroconcrete designs while for the walle one still uses brick masonry, 
masonry Crom warm concrete blocks, slag blocks and other kinds of 
material unstable under conditions of increased humidity. Therefore, 
che choice of wall barriers for mine construction in all cases 
deperves special attention. 


The problems, connected with retearch of the material of the 
walls (and other enclosure designs) in the humid state, in general, 
Ase very complex as a result of a considerable number of factors, 
waich influence the woisature content in this or some other section 
of the barrier. Included among these factors is climate (temperature 
und humidity) at various times of the year, velocity and direction of 
the «inde, atmospheric precipitation, various combinations of the 
ligted factors), temperature-moisture condition of the air at the 
sitez, the initial humidity and physical properties of the estructural 
material (the indexes of sorption humidification, the data about the 
capillary phenomena, and others). 


Tae process of humidification of a barrier is considerably 
accelerated in the presence of moisture on the inner surface of the 
walls, which forued during the condensing of vapors, the washing of 
walag and 30 on. A part of this moisture is absorbed by the 
matertal of the barrier and is moved into the outer layers of the 
walls. 


Parallel to the movement of the moisture, during a cold spell 
the movement of the water vapor also occurs, which penetrates through 
the barrier as a result of the difference in the vapor pressure in 
the interfor and external air. The limiting vapor pressure £ in mm Hg 
at certain temperatures, ¢°, and at normal barometric pressure 
Sungbltubles: 


During the cold period of the year the vapor preszure in the 
external air ie insignificant and is also froquently clove to zero. 
Therefore, the procese of the movement of water vapor through a barrier 
ie determined basically by the abeolute humidity at the site. 


fhe absolute humidity of the sites (at ¢18°) within the limits 
of 6-9.9 am Rg (relative humidity within the limits of 50-60%) is 
considered that which corresponds to the normal condition, an absolute 
humidity of 10-12.5 mm Hg (61-75%) 18 considered that which correspond: 
to himid conditions, and over 12.5 ag Hg - to wet conditions. 


The high humidity at the site: leads to the humidification cf 
the barriers, to the failure of the external layers of the walls 
under the pressure of the moisture and frost. The need to give 
special attention to the shown questions is confirmed by the numerous 
examples of failure of wall barriers made from brick and o«ner masonry 
as related to Russian and foreign, and especially, Swedish experience 
in the practice of mine construction operations. 


Along the unprotected walls at moist and wet sites outer 
plastering, which scales and falls is destrcyed, having been absorbed 
as a part of the masonry. In the absence of plastering, failure of 
the masonry facing shows up primarily in the least durable sections 
of its outer surface, which with height of one or of several courses 
of brick it partially crumbles; moreover, the most intensive failures 
are observed in the sections having the least thickness, i.c., where 
there is least resistance to the permeation of water vapor near various 
cracks and seagss, in window stool sections, along the outline of the 
flooring abutmente, especially in the supporting sections of sectional 
trusses and others. 


d@ith further humidification and thawing the masonry facing is 
is destroyed to a depth of up to 250 mm and more from the outer side 
of the walle. The process of scaling of the damaged masonry in sone 
pluces is so sharply expreesed, that the separation of the external 
layers of the wall in them does not suggest a specific action. During 
a significant development of the process of failure of the walis, their 
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crumbling with e loas of the facing 1s possible and in thia case with 
a certain heaving action on the walls leads to an even greater 
magnitude of failure. 


In order to climinate the posaibility of auch failures it is 
necessary to take strong mesoures, directed towards the exclusion 
of humidity and eventual failure of the walls of mine buildings and 
related conetruction. 


She designs of wall barriers should be initiated in accordance 
with the requirements of the structural heat engineer. Briefly given 
vealow are cerely the corresponding chief checks. 


The first check smounts to a determination of the degree of 
resistance to heat transfer 8, which should be more than the required 
value, Rg initially recomacnded according to the structural stan- 
daras. The degree of resistance to heat transfer diminished in 
comparison with the normal value, ao leads to the possibility of 
the condensation of a coneiderable quantity of moisture on the 
interior surfaces of the walle. 


Suring the second check the degree of resistance of a barrier 
to vapor penetration is determined 


Rents 


whore 6 ~ the thickness of the layer, m; yp - the coefficient of vapor 
penetration of the material, g/m, mmo Hg, part 1, derived according to 
tables and equal to 0.008 for reinforced concrete; 0.01-0.02 - for ce- 
ment and complex motars, slag concrete, brick laying, lime plastering; 
0.61-0.03 - for cellular concretes; 0.06-0.065 - for mineralized felt. 
The value R, increases by 4,8-3.6 n° om Hg parts/gram with thorough 
01) or enamel etaining of the surface of the barrier. 


The resistance of vapor penetration of the inner hslf of the 
thickness of the external wall sites with an absolute humidity ts 
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more than 9 ma Hg should be more than the resistance of the eatcrnsl] 
revetment, or more than 


RP = 2A— OK, 


where ¢, - the vapor pressure of the outer air, am Hg; X - cuefficient 
equal to 0.7 for a zone with a climate of moderate humidity ara 
0.9 - with a molet climate. 


Curing the eheck of possible cordeneation of water vapor in 
various sections of the wall barrier 1t is convenient to use the 
wethod indicated below, based upon the assumption of constant flow 
of water vapor through the barrier. Such a flow is established over 
weeks and wonths after the formation of a determined values of vapor 
pressure. Therefore, the checks of the possible condensation of 
vapor pressure ineide the wall are made predominantly for multilayer 
designs, where these checks serve as a comparison of diverge forms of 
wall barriers. It is considered that such checks as applied to massive 
uniform barriers have an arbitrary character, and one determines 
maximally the possible humidity of the materials of the barrier. 
However, as was already noted, temperature-moisture condition of the 
site in the mine buildings and related construction is practically 
constant which sevves as a base for the comparatively broad utiliza- 
tion of the shown checks, which amount to the following. 


Me temperatures are found on the interior surface of the 
barrier wy end the interior surface of any layer © and the values 
of the limiting vapor pressures & for temperatur+ ™, and 1, are 
deternined. 


For the same interior surfaces of the layere of a barrier one 
finds the vapor pressures *,° determined for the expression 


ee = 


where 4° the vapor pressure in the air at the site; 4. - the 
difference in the vapor pressures in the inside ani outside air; 
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ao the overall resistance of the vapor penetration of all layers 
of the barrier; CPanel) ~- the resistance of the vapor penetration 
of the interior layers, located between the site and the plane where 
she value of the vapor pressure is calculated. 


In tnose layers where the value ‘4, is lees than the values, £, 
the vondensation of vapor in the mass of the wall 19 disregarded; on 
cae olnmer hand, the condensation of vapor is possible in those sections 
of a wali where the values e, are higher than the values of & (deter- 
nined for the same vertical sectiona parallel to the layers of the 
wall). 


AS 8) example a check was made of the possibility of the con- 
densation cf water vapor in sections of the wall panels, composed of 
support ferroconcrete slabe with a ainiaum thickness of 30 mm, with 
8 layer of mineralized felt having a thickness of 80 mm and an overall 
protection with slabs having s thickness of 15 ma. The joints of 
the support slabs are thoroughly compacted, whereupon a resistant 
coating 1$ applied to the interior surface of the panele. The joints 
oP tac protective slabs are partially consolidated. 


‘ne temperature of the site is +15°, the relative humidity is 
Joi, tae external temperature (the mean for the coldest month) is 
-c0"°; the celative humidity of the eaternal air is 78%. 


Tho results of the check are presented in Table 7. 


The data in Table 7 were derived for the design of the wall 
pancls with dense eupport (interior) ferroconcrete alabe. The check, 
gace on a brick will having a thicknese of two bricka, found under 
the same couditions aa that for a wall in the example examined here, 
gives a negative reault. Such @ result corresponds to indications of 
active structural standards. According to the etandards, based on 
the interior surface of the external walls of moist and wet sites 
sdevicu le necessary of n protective-ecreening vapor-ineulated layer, 
made of neisture-proof caterial and which asounte to in a nunber of 
oases, 19 a device for the continuous vapor-insulated, protected 
vancretée ur brisk acreen and so on. 
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Table 7. 


Coralvsseng 


Poasiblity af -ertergstior 
of waler wares dsreveried 


‘The ome 


Interior eurfuce of Ibe 
wall 


TU tett EG SY’ 

Maddie of the lane of 
brat inavlation 

aterier wrefece of the 
proves“in. slede 

Cetera eurtace of the 
wall 


ane 
Veacabillts cf comtensative le 
practical. Geregarard 


‘The wee 


The walla of a considerable nunber of mine structures should 
be protected with a vapor-insulated layer. In practice, nowever, 
thie requirement frequently 4s not aet partly for rensons of the lack 
of data about the actual air huaidity of industrial mine oites, and 
also as a result of the oomplexity and high coot of brick barricors 
with vapor insulation, Wide utilization of efficient vapor Ln3zulation 
in a number of cases is debatable; its actual use on a large scate 
is highly iaprobable. 


Walls made froa brick and other unprotected masonry under 
conditions of mine building in @ aurver of cases under humid condi- 
tions are not a rational solution of the barriers. According to the 
data of observations, conducted in Sweden, valid for the north and 
middle zonea of the USSR, the walla from unprotected brick masonry 
and warm concrete should not be used in the composition of Geckhouse 
structures, of surface pile drivers, ore-dressirg and flotation 
plates and others. 


Wall, fleoring and cappings. The walls, flooring and other 
elements of mine structures undergo the cressure of explosions, 
exiet under unfavorable tenperature-moisture conditions, bear various 
dynamic loads, which appear as # resul€ of the work of lift and power 
equipment, the unloading of lift containers and so forth. 


According to industrial conditions the walls, flooring ané 


cappinge of structures should be fire-proof. Simultaneously, in 
connection with the limited period of the operational goals these 
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clements of construction should have emall weight, should be sectional, 
convenient to instal) and move to adjacent sites. The last circumstance 
has special value when exploiting groups of mutually adjacent 
syscematically worked deposits. In these cases the repeated utilisa— 
tion of she elements of structures can substantially affect the 
technical-economical indexes of the undertaking and to determine the 
expediency expioiting certain deposits. Independent of the shown 
particular case, the secondary utilization of repeating (build-on] 
units (primarily the panels of wells and flooring, standard beans) 
always expediently results in considerable reduction in the cost of 
vuilding. 


Recommendations basee on the selection of the elements of the 
structures of walle, floorings and cappings amount to the following. 
In mine censtruction there should exist the possibility of avoiding 
the utilization of heavy, massive designs of support stone walls. 

It 1s recommended to limit the utilization of such walle to a small 
group of relatively small complex construction and buildings based 

on sizes and by design (short surface galleries and the load-transfer 
points fora by desing, emall winch buildings and others). Stone, 
brick and other masonry for a wall filling in the frames of extensive 
deckhouse buildings (construction), in the frames of hauling and 
conveyor galleries should be excluded if at all possible. During the 
erestion of the masonry of all types, ss a rule, antiseismic messures 
are carried out. 

The utilization of stone masonry in self-supporting walls of 
considerable length and height of the latter, is not recomended. The 
sections and the weight of self-supporting atone walls in such cases 
are made very large, which is governed by the emergence of considerable 
seismic forces, These waJls should have the required nuaber of 
antiseismic etraps connected to the building frames, and to other 
vlenents. The thawing ou. of even the separate sections of self- 
vupporting walls can lead to damage. 


The utilization of atone, including brick masonry in two- 
layered and multilayered designs of wall barriers is not recommendad. 
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Te filling of the walle based cn the Gerard type masonry which 
consiste of two brick walls having a thickness of 120 mn, between 
which there is heat insulation, 1s inadmissible under conditions cf 
blasting. Simiiar and wall fillings composed of two layers of brick 
masonry in combination with warm concrete and other materiel are 
algo inadmiseible. Two~-layered wall barriers, composed of lightened 
brick masonry (including brick masonry having a thickness cf 120 ma 
under a metallio frame), warmed by slabs of cellular concrete which 
are used sonetines, cannot be recommended umer conditions of 
blasting. 


Walls made of heavy unite of considerable volumetric weignt 
based on earthquake-proofness are equivalent to support walle rade 
from stone masonry, and in general, are not a satisfactory design 
for construction, located in the regions of blasting, and cannot be 
recommended for broad utilization under these conditions, despite 
the known advantages of aasonry made of heavy units. It is recoxmcnded 
to apply such masonry for the walle of individual] warehouse and 
industrial buildings, whan the utilization of the wall panele for any 
reasons is contraindicated. 


Masonry made of heavy unite of a emall volumetric weight is 
characterized by substantially less seismic loads and therefore is, 
to a greater extent, applicable for buildings under sonditions of 
blasting, that is to say, in the case when heavy units satisfy the 
requirements of high strength and frost resistance. 


Heavy wail panels are the most expedient filling for walls of 
Wine construction. However, the majority of tha known panels are 
made without taking into account the special requiremencs of mine 
building and operation of construction. Th°refore, it iy necessary 
to pay attention to the selection of the exieting designa of wall 
panels. Thus, for instance, in general it ia not possible to 
recommend large-size reinforced foam concrete slabs st mine sites for 
broad utilization because under conditions of increased humidity ct 
the site there 1s the danger of the corrosion of the steel franework 
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and possible thawing of the walls. Under various unfavorable conditians 
of operation of mine construction wall panels are neceseary which can 
well resist the acticn of low temperatures and moisture, explosions, 
vibration during the operation of the equipment, and so on. 


The possible schemes of employing wall panels of warm industrial 
puildings and construction, located in ereas of blasting, ore given 
in ?ig. 55. According to the first and second schemes (Fig. 55a, b) 
a three-layered panel ie formed by two heavy ferroconcrete slabs with 
ribs, turned to the inside of “he wall and mutually connected by 
means of welding the matching parts; between the slabs effective hent 
Insulation is placed. These known designs, proposed by Engineer 
G. I. Potapov and hie co-workers, recently replaced the design of 
vibration-rolled panele with the location of heat insulation between 
the relatively dense network of ribs of the ferroconcrete slabs. 
The pancls in the second scheme (Pig. 55b), used in the housing of 
power stations (and also in residential houses), differ by the 
complete filling of the interior space of a panel with heat insulation, 
vy predoainrantly mineral falt. 


Fig. 55. Wall panels: a, b, c, 4) the diagrams of wall panels of 
varioua designs; 1 and 2 - ferroconcrete ribbed slabs; 3 - heat insula- 
tion; 4 = the welding point of sleba with the aid of matching parts 

and facings; 5 - a support prestressed ferroconcrete slab; 6 - light 
facing slabs made from armoured cement, asbestos-cement or lightened 
ferroconcrete slab; 7 and 6 = heat insulation; 9 - ribbed support 
ferroconcrete slabs; 10 - the facing alabs. 


One cught to indicate that the panele in the firat and second 
schemes are agde of ferroconcrete slabs of identical thickness and 
of uniform strength which results in an over-expenditure of material 
of the support designs, and according to the second scheme (Pig. 55b), 
furthermore, 1t results in the unjustiried large expense of insulation 
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material. Panels 6 m in length according to the second scneme are 
characterized by a given thickness of reinforced concrete of about 
D.10-0.12 m and a mineral fiber of 0.18 m with the weight of tho wall 
filling of 300-350 kg/n’. 


Given in Fig. $5c, d are the schemes of panels of industrial 
buildings with eupport and flooring slabs which do not have these 
indicated deficienoies, The design of the wall panels according to 
the third scheme (Pig. 55¢) coneists of a support flat prestressed 
slab 5, 4 layer of heat insulction 7 and a light flooring sleb 6, 
made of reinforced cenent, asbestos-cement or made in the form of 4 
lightened ferroconcrete slab. The design of the wall panels according 
to the fourth scheme (Pig. 55d) consists of a ribted ferroconcrete 
carrying slab 9, whose ribs are directed from the wall, which results 
just as in the preceding case (Pig. §5c), to @ minimum expenditure 
of insulation material. 


The w21l panels, shown in Pig. 550, d, with the support and 
flooring slabs are characterized by small weight (on the average, 
150-200 xg/a’, of the wall) and by better (in comparison with other 
solutions) indexes of the expenditure of cement and insulation 
material. The given thickness of reinforced concrete and mineral 
fiber amounts to 0.05-0.07 m, but the cost 1a equal to 60-85% of the 
cost of the equidimensional thickness of two bricks based on the 
area of the wall. With the calculation of a number of other conditions 
of operation of mine projects three-layered panele and specifically, 
pénela with support and flooring slabs are rational to a large degree 
for utilization in the walle of mine buildings and related construc- 
tion. 


fhe arrangement of the walls with the increased relative 
humidity, the sites where washing of the walle and ceilings occurs, 
and so on, were discussed previously. Howaver, a number of the 
buildings at mine gites is characterixed, relative to :. favorable 
poisture condition, by the industrial site, that it does not exclude, 
for example, the utilization of panels made from reinforced cellular 
concrete. But the simultaneous utilization at a site of a emall 
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snaft of two principle and diffarent solutions of wall panele is 
inexpedient ani usually ia excluded based on the motives of unifying 
the designs. At large mines in the abaence of several groups of 
construction and buildings with measures for moist and wet conditions, 
the utilization of single-layer panels made from reinforced cellular 
concrete, in @ number of cases, is quite expedient. Por the manufacture 
and interlocking of these panels one should meet the raised require- 
ments. The grade of cellular concrete (prismatic strength) should not 
be less than 50 kg/ea* (with a cubic strangth not lower than 

100 kg/cm’). For the thickness of the panela one aught to assign, 
based on a calculation, @ certain excess of the required value of 
resistance to heat transfer {ag?) by construction standards, deter- 
mined for sites with the worst temperature-moisture conditions. On 
the inner surface of the panels it le expedient to apply s layer of 
dense motar so that the upper panels and planes of tha walls on the 
whole should be waterproof (psinted with ensmels of thc (MXB) (PKhv) 
polyvinyl chloride type or with other stable enameie and paints). 
Steel framework should be protected from corrosion by means of 
appropriate treatment, by increasing the protective effect of the con- 
crete layer, and also by means of applying a hydrophobic composition 
an the external surface of the panel. The interlocking of the penels 
under unfavorable conditions of operation should exclude the 
possibility of damage with the failure of one anchor. 


The utilization of large-size wall panels is expedient not 
only for warm, but aso for nonheated construction. In this instance 
with the spacing of bars at 6 a, the weight of the panels constitutes 
on the average 120 kg/m? of the wall, which constitutes about 208 of 
the weight of the wall per iy bricks. The cost of the large panels 
for wall of nonheated construction constitutes 50-70% of the cost 
with an equidimensiona) thickness per ie bricks based on the area of 
the brick wall. With the acquisition of cold filling of wall of mine 
construction and selated buildings it 1s slso necessary to avoid the 
possibility of utilizing masonry made of brick and blocks for this 
purpose. Jone masonry can bo sllowed only for email eaparate units, 
with relatively complex outlines of the construction, nonstandard 
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gizes, reconstruction, and so forth. In all the remaining casas the 
walle of the cold buildings should be made of prefabricated ferro- 
concrete or stregsed reinforced panels, 


Te longitudinal wall of the housing made from stone masonry 
is not a supporting one from the point of view of sustaining the 
loads from the large-panel slabs of the flooring. Therefore, at the 
level of the cornice a reinforced stone strap is usually installed, 
connected at intervals of the supporting structures with the 
flooring slong with the help of rods of steel reinforcement placed 
between the slabs. With the filling of the walls with large penels, 
for example, with wall panels having support and facing slabs, the 
latter are braced to the uprights of the frames of industrial housing 
according to the height of the wall. In this instance the need 
arises for the employment of antiseiemic belts. Designs of the 
corresponding cornice knote are shown in Figs. 56 and 57. 


Pig. 56. The part of the wall filling 
of a aine structure with large val) 
panels along with support ferroconcrete 
and light facing slabs: 1 - support 
ribbed ferroconerete slab with stand- 
ard sizes, 6 « 1.2 m; 2 - light fac- 
ing slabs; 3 - effective heat {ngula- 
tion; 4 = ferroconcrete column; 5 - 
etructural flooring bean. 
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Fig. 57. The part of the wall filling of a tower pile driver frame 
with large wall panels along with supporting prestressed and light 
facing slabo9: 1 = supporting prestressed slab with standard sizes, 
6 = 1.2 and 9 x 1.2 my 2 = light facing slabs; 3 - heat insulation. 


In certain cases lightened wall fillings are used. As lining 
of the light nonheated galleries most frequently asbestos-cement 
wavy shects are used. Warm wall fillings of this kind are made by 
means of arranging shields made of a light frame - the packing, 
made of effective heat insulation and lined on two sides with asbestoa- 
cement wavy sheets of a strengthened profile. That described and 
other designs of the light wall filling ere used predoainantly in 
horizontal and inclined conveyor galleries of various spans. 


For supporting designs of flooring the most frequently used 
are sectional ferroconcrete large-panel prestressed slabs 6 * 1.5(3) 
and 12 » 1.5(3) m (with light heat insulation over the slabs), welded 
Slabs to beams or to trusees of the flooring and unitized slabs 
based on the entire area of the latter. Completely unitized flooring 
elabe are used under ordinary mine conditions (beyond the limits of 
the radius of the seismic dangerous zone) which consist of rather 
rigid discs - diaphragms. Por the upper span pieces of the frames 
of mine construction and buildings, as a rule, are applied standardized 
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beams and flooring trusses, including stressed reinforced double-T 
beams, hamogenecus beams, bench-made beam using steel framework nade 
from high-strength wire and rod steel framework from low-alloy steel, 
Single-rolled and double-rolled surface with spans of 12 ard 18a. 

In a number of cases stressed reinforced beams of double-T are used, 
assembled from blocks with steel framework made from high-strength 
wire beams with clamping devices in the form of pressed sleevos, 
Single-rolled ateel with apans of 12, 15, 18 m end double-rodlud steel 
with spans of 12, 16 and 24 m; T-beams with conventional reinforce- 
ment, single-rolled steel with spans of 6 and 9 a and double-rolled 
eteel with spans of 6, 9, sometimes 12 m; one should use wider streased 
reinforced trusses for the flooring of constructed buildings, unitized 
trusses, and also assembled trusses made of semi-trusses and rode. 


In a number of cases the utilization of ferrocencrete pre- 
stressed sagnented trusses sade from linear elemente with spans of 
18, 24 and 30 @ is possible. The steel framework of these =russes 
in the first case is represented by high-strength wire of a periodic 
profile or by rode of a periodic orofile, and in the second case - 
by beams made from smooth high-strength wire or by rode of a periodic 
profile, 


With rather usual increased humidity at industrial sites under 
mine conditions one should use dense concretes for the manufacture 
of ferroconcrete trusses and beams and should protect the structure 
by means of painting them with stable varnish and paint compounds. 
With high huaidity of the industrial site one should use only rod 
ateel framework, dense concretes with retardation additives of steel 
corrosion (sodium nitrates and others) for the aanufacture of ferro- 
concrete structures to provide the protection of the designs by 
weans of painting them with stable varnish and paint compounds. 


For the flooring of mine structures and buildings the utiliza- 
tion of etanderized slab-ficoring and span pieces of standard mult!- 
story industrial buildings with various temporary loads on the floor- 
ing 16 sometimes possible. The utilization of these slabs and beams 
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is possivle, especially, in conveyor and above ground hopper galleries, 
in warehouse and industrial buildings. This does not exolude their 
utilization ir smal] deckhouse buildings with a skip lift and in some 
other cases which are characterized by floor loads within the limits 
up to 2 tya?, Srequently, however, special designs are necessary 
because teaporsry loads on the flooring in cellular deckhouse build- 
ings, hauling galleries anc ramps reach 6-12 t/a’, 


In deckhouse buildings are frequently used ferroconcrete slabs 
nith spans of 3-6 m, main beams with a span of 6-24 a, sectional 
transverse frames with spans of 6-12 a along with stressed or con- 
ventiunel reinforcement siabs, main beaas and spans of frames. The 
utilization of 6-meter ribbed flooring slabs, which bear directly 
an the span pieces of the frames of 6 ceckhouse building is expedient. 


The described solutions are also pousible in hauling galleries. 

In hauling galleries it is frequently necessary to install a larger 
number of spans of main beams or of corresponding trusses along with 
the uthlization of stressed reinforceaent of the designs. The spans 
of the slabs remain usually equal to 3-6 m. The slabs rest on the 
main beaas, and with the combined setal reinforced concrete measures 
for tne galleries the laying of the slabs on the transverse beans 

ie possible. 


Sometimes a combination of siabs and main beams with e buildup 
of an upper strap of the latter is possible and the -reation of a 
continuous series of beams based on the type of the upper structures 
of highway bridges is possible. This design for deckhouse buildings 
io practically excluded, and for hauling galleries it is a partial 
solutior. because it can only be applied when lacking the need for 
unluading the vessels within the confines of the galleries. 


Ask 1t appears from that given, for flooring material of 
decknouse and other structures special designe are necessary. 
Peelerced here are combination and ferroconcrete designs with stressed 
aml conventional reinforcement. 
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In a number of cases the utilization of standarizeu designs of 
ferroconcrete overhead crane and columns and those without them is 
possible, But more frequently the coluan of the construction differ 
substantially in their sizes and loads from the coluenc of industrial 
buildings. In connection with the presence +f braked, impact, seismic 
and other horizontal loads, one sho.id turn his undivided attention 
to the connecting of coluans. The connections and in certain cases, 
the planes of the frames, av well, are attached to tho uprigi:> 
of the frames. The introduction of similar metallic connections 
1a frequently expedient. Its application is usually relatively simpie 
and ita performance reliable in operation. Their utilization is 
usually accompanied by a minimup quantity of dimensional type of 
sectional ferroconcrete parts. In a number of cases one ought to 
pay special attention to the connection of the beams and main girders, 
The bracings in the supporte of the main girders, beams, span pieces, 
trueses yhould exclude the possibility of (displacements, shear blast- 
ing and other loads. As a rule, one ougnt to secure the joining of 
the beams with beazs and colwms by means of welding together the 
aatching parts. 


Ploors and other elements of conetruction. The design of 
floors 18 aade in acoordance with the conditions of their operation. 
By conforming to industrial sites in the construction of a lift, 1» 
fa possible to only apply certain designs of floor coverings. 


In deckhouse buildings (construction) - with haulage - and in 
hauling galleries a floor covering of concrete, concrete slave and 
blocks, slag castings, basaltic and other rock castings, clinker, and 
So on are expedient. In thie case just at for the underlying layer, 
heat insulation, ballast, and material for the layout, aost frequently 
slag is used. The floor covering in adjacen® mine passages to a 
deckhouse building are made of concrete, concrete slsbs and asphalt. 
The floor covering at machine mounting sites most frequentiy are made 
of mosaic cement tile, from ceramic tile, and so on. 


Quite frequently the floors are washed and the curfaces of 
the floor in this instance are inclined towards gtters in accordance 
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with the flooring material. With flooring made of ceramic slebs, 
conerete, and asphalt, one usually inclines it equal to 2% grade, 
one inclines an earthen floor to 2-32. 


Problems about the solution of the overhead crane runways, 
repair and hard stands, light openings, light and ventilation sky- 
lights, nonskylight etructuree and buildings, flet and other roofs, 
dours, stairs, as far as utilization in mine buildinge and construc- 
tion, do not differ in principle from the solution of conventional 
industrial buildings, and are not considered here. The problems of 
hurmetrically sealing the construction are elucidated in the descrip- 
tion of pile drivere and of deckhouse buildings. 


Protection of the eleaents of construction. Under mine condi- 
tions one frequently faces difficulties, caused by ground water. 


Moieture of a commercial origin and, partly from natural 
daily operations enters the sitee with the ore, during the washing of 
the equipment, during the washing down of walls and floors, during 
the operation of blowers and this leade to humidification, the worsen- 
ing of the thermo-technical indexes of the wal] and other barriers, 
corrosion, warping, rotting, thawing and failure of the designe with 
a simultaneous spalling and failure of the plastering, change in the 
color of the staining and so on. 


Por the protection of the designs against moisture one takes 
measures to remove the excessive humidity, by the naturel and arti- 
ficial drying of the buildings and construction; one uses hydrophobic 
substances, electroosacsis, drains, waterproofing and vapor insulation. 
in this chapter only the problems of insulation are considered. 


Techniques for waterproofing the edges of foundations are 
widely known. Under conditions of the preseures of blasting a cenent 
aortar of a 1:2 composition 1s ueually used as waterprocfing for the 
edges of the foundations and in individual critical cases - a cement 
mortar with special additives. For small mine construction and 
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bud ldings beyond the limita of the two radii seixic dangerous conc, 
waterproofing can be done by conventional means. 

With basements and pits in the ground at the elites, and also 
in underground industrial protective frames of the designe against 
moisture, there is usually a provision along the external planes of 
the foundations. In necessary cases a reliable waterproofing, in 
full or in part, separates the sunken part of the frame (Pigs. 43 
and 58). The selection of a meane for waterproofi:: depends primarily 
upon the degree of moisture in the soils, the level of ground water, 
the purpose of the construction, and so on. With the wasning of floors 
using appropriate sumps and pumping devices in underground construction 
the possibility of insignificant filtration of moisture througn the 
insulated susfaces with formation the damp spots, in this case, is 
permiseidle. Under these conditions and with crack-realetant designs 
made using dense concretes, the following waterproofing measures of 
underground mine construction is possible: 


1) waterproofing with the utilication of cold asphalt pastes 
with a possible hydrostatic pressure of the ground water to 6.5 m in 
thie case, and using three-ply insulation, up to 1.5 m; 


2) coated waterproofing with hot bituxinous pastee with a 
possible hydrostatic pressure up to 0.5 m, and with protection and 
etrengthening of insulation using water-proof fabric, up to 2-3 a; 


3) asphalt waterproofing, strengthened with fabric along with 
@ possible hydrostatic pressure up to 3m in thie case; 


4) waterproofing with @ cement-sand mortar along with a 
poselble hydrostatic preasure in using additions of ceresit up to 1m, 
and with addivions of ceresit tol m, and with additions of sodium 
aluainate to 3 a; 


5) waterproofing with a cenent-eand mortar using watertight 


expanding cement along with a possible hydrostatic pressure up to 
3»; 


a 


6) waterproofing with a ceaent-sand aortar with additions 
of surface-active substances along with a possible hydrostatic pres- 
sure up to 5 m; 


7) waterproofing using concrete with additions of surface- 
active substances vith a possible hydivetatic pressure up to 7 m 


in this case; Bae 


8) adhesive-like waterproofing with a possible hydrostatic 
pressure <0 5-20 nm, 


9) waterproofing using vinyl) plastics; 


10) waterproofing using sheet octal along with a possible 
hydrestatic pressure up to 50 mn. 


Pig. 58. Partial protection of designe 
of the sunken part of a housing frane 
using waterproofing: 1 - ferroconcrete 
slabs; 2 - waterproofing. 


The means of waterproofing enunerated here are briefly described 
to low. 
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Cold asphalt pastes are applied under conditions of protecting 
tnem by insulating them frou the pressure surfaces of hydrotechnical 
structures, and also froa the surface insulation of nonpreseure head 
ecnstruction. The base of the paste is a bituminous eaulsion paste 
(oitumen BN III ~ 50%, slaked lime of the first grade - 12%, water - 
8%). Cold asphalt pase 1s a liquid mixture of paste (80%), filler 
(lime powder with cement to about 17%) and water (3%); following the 
drying out of the paste waterproof cover is formed. 


Cold asphalt paste can be handled as a parified cut and 
grounded diluted (1:1) paste and as dried concrete and ferroconcrete 
eurfaces. The paste can de applied with a mortar pump at a pressure 
of not leas than 4 Cata(gage)) in a layer from 10 ma (2 threads) to 
20 mm (3 threads). By applying the paste by hand the thickress of 
the thread canstitates 7-10 mp. The protective facing of insulation 
made of ferroconcrete slabs or cement mortar, applied by means of 
guniting on a metallic mesh, should have an anchor fastening. 


The utilization of the protective cold asphalt paste for the 
waterproofing of mine construction can be done, especially, ir the 
absence of water pressure and in special cases, with the possibilizy 
of the appearance of ground water along with a hydrostatic pressure 
up to 0.5 m, and with a three-ply insulation up to 2.5 a under 
conditions of using dense conorete in a direct outlet of the water. 


Coated vaterproofing using hot bituminous pastes or bitunens 
can be applied in 2 layers at 2 mm on 4 smoothed surface, two first 
ocate (cold priming) to the surface froa the side of the pressure. 
This waterproofing can de applied at a hydrostatic pressure of 0.5 m, 
and with a continuous external protective plastering on the metallic 
mesh and under a condition of intensifying the insulation glass or 
asbestos to the fabric, resistant to rotting, the insulation can 
te used at a pressure up to 2-3 x. 


Asphalt waterproofing on horizontal planes can be performed 
predominantly by applying the concrete preparation to a layer of a 
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vibrated sandy asphalt concrete, 25-30 ma thick. Asphalt waterproof- 
ing of vertical and inclined surfaces, including arched surfaces, 

1s done by applying it in 2 layer, 5-10 om thick using asphaltomets® 
or guniting. Waterproofing is done predominantly from the pressure 
gide, and in tnis case the vertical asphalt waterproofing is pro- 
tected Ly an outer protective wall aade of a masonry or concrete 
blocks. 


At the joining of the vertical and horizontal asphalt water- 
proofing ore should provide inclined sections and apply waterproof 
fobrice (fiberglass, asbotkan'S® or other fabrics resistant to 
resting). During the manufacture of asnhalt waterproofing speoial 
attention 1s given to the selection of the composition of asphalt 
ccncrete mixtures, its warming up to 200°, the rapidity of applying 
the aixture on an insulated surface, the utilization of vibrators 
with a warned elab, and others. Under the condition of applying the 
asphalt on the side of the pressure, boletering the insulation to the 
fabric and ite protection by a preparatior, and also atone or concrete 
walls, asphalt waterproofing can be used with a hydrostatic pressure 
of tne ground water up to 2-3 a. 


Waterproofing of cement-sand mortar by ustng portland coment 
with additions of ceresit or of sodium aluminate is predominantly done 
by guniting from the side of the pressure. With the impracticality 
ar guniting, the plastering can be applied in a conventional way. 

At the junctlons of vertical and horizontal planes one ought to 
provide for inclined sections and insert two metallic meshes sade of 
wire, 1.5-3 mm in dianeter with cells, 4 « 40 mm, but with conven- 
tiomal plastering, using cells 10 * 10 mp. The thickness of the 
plastering amounts to 25 mm, and in sections with metallic meshes - 
40 mm, Before applying the plaetering, the surface of the design 
io cut or treated with sand, washed with water and moistened, 


*(Translator's note: this tern cannot be found in available 
sources). 


"8(Translator's note: this term cannot be found in available 
Sources). 
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Plastering with mortar having a composition of 1:2 along with 
@ water-cement ratio of 0.4 and lese, layers of 6-10 ma are produced. 
The upper layer with a thickness up to 5 an is sade using fine eand 
and it is cuobed with ceaent. On horizontal planes a layer of stift 
mortar is applied, which ie condensed with the use of vibration. 
During the course of 7-10 days, and with the additiong of sodium 
aluainate during the course of three days, the surface of the insula- 
tion 1s moistened. 


When applying waterproofing using portland ceaent oortar from 
the side of the pressure to preasure on.a crack-resistant design, the 
hydrostatic pressure of the ground water with additions of ceresit 
amount to lm, and with additions of sodium aluatnate, up to 3m. 
The preparation of portland cement mortar in the latter case is 
characterised by the utilieation of water of a 2-38 solution of 
sodium aluminate. The selection of an accurate concentration of a 
mortar is done experimentally. The grade of portland cement is 
400 and above. The additions of sodium aluminate to plasticized, 
hydrophobic, pozzolanic portland cement, slag portland cement are not 
recomended, A mortar with an addition of the sodius aluminate is 
characterized by rapid gripping, an increase in strength at en 
early period with a retarded increase in strength subsequently. 


Waterproofing of cement-eand mortar using vatertight expanding 
cement is predominantly done by guniting. One applies the waterproof- 
ing predominantly to the side of the pressure with the elimination 
of the fLitration of water through the insulated deaign during the 
perici of productive work. The insulated surface fe prepared and 
washed. Quniting ia done with the help of 8 cement gun. The pre- 
pared surface is moistened for three days. The thickness of tke 
plastering, the technique of horizontal insulation are analogous tc 
that described above for waterproofing using portland-cement aorta. 


During the guniting of crack-resistunt designs, waterproofing 
with a cement-sand aortar using watertight expanding cement cen be 
carried out at a hydrostatic pressure of the ground water up to 
3m. 
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Waterproofing with cement-sand mortar along with additions ef 
weurface-acotive eubetances is characterized by additions of sodium 
abletate to the extent of U.02-0.05% together with eulfite-cellulose 
Yiquor to the extent of 0.15% of the weight of the cement, consider~ 
ing au @ dry subatance. For plastering one uses a cement-sand mortar 
Of @ 1:2.5=1:3 composition by weight with a water-cement ratio of 
0.45 using portland cenent or slag portland cement of grade 309. The 
application of a plaster layer le done using aortar pump, cement gun, 
and with email volumes - by hand. A mortar to a sufficient degree, 
1s mobile in view of the presence of surface-active additives. With 
tse backwater of the ground water by more than 1-1.5 m, it 16 
recoancnded to apply interior plastering at a thickness of not less 
than 5 cm, to fill it in the planking with a vibration, to reinforce 
the mesh and to fasten with anchors. Interior plastering with 
additions of surface-active supetances was succesefully applied for 
insulating large reservoirs at a hydrostatic pressure of 5 a. 


Waterproofing using conorete of inoreaceed vaterproofnese 15 
characterized by additions of eurface-active substance with the intro- 
duction {nto the composition of the concrete of sodium abletate to 
the extent of 0.02% and sulfite-celluloae liquor to the extent of 
0.158 calculated based on the dry substance from the weight of cement. 
Tne utilization of concrete with additions of surface-active aubstances 
is yosstblJe at a hydrostatic pressure up to 7 a. 


Adheatve waterproofing ie prepared from rotproof roofing 
material, glued on using them along with waterproofing pastes. For 
adhesive waterproofing hydrotsol (predominantly asbeatos or asbeastos- 
cellulose cardboard, impregnated and coated with bitumens) and 4 
ruberoid «ith a sanitized, rotproof base, etuck on using hot bituminous 
waterproofing pastes made from waterproofing and the other petroleum 
bitumens are used; aleo used are uncovered roofing paper (unsanded 
tar paper) or lightly sanded roofing paper, the sand being etuck on 
ueing tarry, waterproofing pastes derived from coal pitch or alloys 
of pitch with tar, resin and so on. 
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In oritical cases one uses hydroisol; fabrics made freo 
inorganic material, glass cloth and the asbestos fabrics, impregnated 
with bitumen and coated with refractory bitumen; organic rotresletant 
fabrics, impregnated and coated with bitumens; rolled sheets mado 
from a mixtura of bitumene with aabestos (borulin)®, reinforced in 
necessary cases with metallic mesh, and so on. 


Adhesive waterproofing 18 usually designed based on a pre- 
liminarily smoothened, purified, dry surface and in a nuaber of 
cases by grounded cold methods with the number of layera of roofing 
material ranging from two to five, and with the thickness of each 
layer of hot paste, up to 3 m. 


In the unions of the insulated surfaces, the insulating mat is 
atrengthened by an inorganic fabric having a width up to !m, by a 
metallic meah or metallic sheets having a thickness up to 1 ma with 
awidth of 0.5 ». The roofing matertal prior to gluing is held in 
a rolled out form, and in the presence of a aand sprinkling, it is 
processed with solvents. The insulating operations are done from 
the bottom upward; the junctions of the width overlap by 100-150 mn; 
the mat is fastened to tne sanitized etrips, in turn, fastened to 
the insulated design (or to the protected wall). The waterproofing 
ie shielded froa the outer side by walls made from clinker assonry, 
concrete blocks and slabs and ia covered with clay Joints having a 
thickness of 0.2-0.3 m. The spaces between the waterproofing and 
the protective wall are filled with mortar. 


Adhesive two-ply waterproofing can be used with a hydrostatic 
pressure of the ground water upto 5 a, three-ply ineulation - with 
@ pressure up to 10 =, and five-ply insulation - at a hydrostatic 
pressure up to 20 a. 


Waterproofing using viny? plastic, plastic materiat with a 
base of polyvinyl chloride resins ta designed with protective 


ehrranezasorss note: this term cannot be found in available 
sources}. 
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wall-screens made of concrete blocks, clinker and others. This type 
of waterproofing can even be used at small pressures, 


The effectivenesa of the waterproofing using cement mortar, 
as well as coated insulation, and the corresponding possible hydro- 
static pressure of tha ground water due to tha failure of using cracke 
resistant designs, 18 coneiderably lowered. Por relatively plastic 
protected asphalt and two- or three-ply adhesive waterproofing, the 
failure due to the utilisation of crack-reasistant designs signifies 
n decrease in the peraissible hydrostatic pressure of the ground 
water by 60-493; the same, with four or five-ply adhesive insulation 
corresponds to a decrease in the permissible hydrostatic pressure by 
4O and 30%. 


UtLifaation for the purpose of waterproofing dense concrete 
with an increased waterproofness along with additions of eurface- 
active substances deserves attention because of the simplicity of 
this method. In aine construction the following basic varianta of 
waterproofing dense concrete are posaible: 


4) surface-active additives are included in the dense monolithic 
concrete in the walls of the underground part of the housing 
(Figs. 4&3, 58); 


b) sectional facing ferroconcrete slabs, sade by using dense 
concrete with surface-active additives are installed on the outer 
side of the walls of the underground part of the housing. The facing 
slabs are braced to the reinforcing cage of the caisson, and are 
used when concreting {ts walls (just as when erecting the weirs) as 
plankings. The seams between the slabs are calked with sortar using 
watertight expanding cement. 


With the protection against moisture along the outer walls 
of the sites under moist and wet conditions adhesive insulation can 
be applied with a protective screen, which, for example, 16 necessary 
and it is also done under conditions of washing at certain industrial 


sites. Wide utilization of such complex and relatively expensive 
insulation in the barriers of industrial sites is not possible. 


In Table 6 the methods of protecting the walls of different 
design under various humid conditions against moisture ere reduced. 


Table 8. 
Simplest acans of protecting the walls against moisture 


wall fillings made of sectional 

panels with ferroconcrete ard pre-e 
cee eupport slabs (Pig. &5c, 
4a 


wail fillings rade of brick 
oaeonry 


Sites with a motet condition 


Masonry laid with « plastic Dressing the joints tetnoen the 
cement mortar with the thorough slabe with 1:2 cement aortar 
Milling of ali seaas and voids 
with the pointing of facade seams 


Interior plastering with a Providing for an increased pro- 
dense cement mortar tective layer of dense concrete 
for the steed frameucrk, the loca- 
tion of prestressed steel frame- 
work in the center of the slab 


Painting the interior surfaces 
of the walls with @ resietant 
coating 


Masonry using well burned grade Dressing the seams between the 
100 brick with plastic cement slabs with cement 1:2 oortar 
bortar with complete filling of 
411 seams and voids and by the 
pointing of the facade seams 


Interzor plastering using dense Location of prestressed steel 
cement mortur with increased framework in the center of the 
waterproofnese slab made from danse concrete, 

and in certain cases, the utilizae- 
tion of concrete with increased 
waterproofness along with additives 


Continuous thorough painting of Continuous painting of the in- 
the interior wall surfaces with terior wall surface with resistant 
resistant coatings (perchlorvinyl| coatings 
resin, dissolved in organic sol- 
vents, resistant enamele and 
paints and othere) 
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Cae ought to dweli on one more example of protection against 
moisture. in yome galieries one can observe high relative humidity, 
reaching 90-1003. As @ result of corrosion the metallic designs of 
Span structure of galleries are rapidly destroyed. Under such condi- 
tions one ought to predominantly use protective (as was shown above) 
ferraconcrete support designs. Sean and trusses especially the 
xezailic ones under these conditions can eazpediently perform beyond 
tne Linits of the barrier of the gallery. Actually, for the gallery 
1t is recomaended that in this instance to set up right angled locked 
ferrcconcrete frames, set apart from one another at a distance of 
6 = iengthxise to the sallery and normal to is axis (Fig. 59). One 
urxuces the ferroconcrete flooring slabs facing and support slabs of 
the wall panels of a gallery to the frames. 


Pig. 59. Diagram of one of 
the solutions of designs of 
galleries under conditions 
of high humidity. 


3. Groups of Loads of the Structures and of 
Their Plemenss, the coefficients of the 
Overload and the Dynamicity 


General information about the classification of the loads of 
construction and their elements and about the data on the values of 
the eccefrlclents of overload and dynamicity are noted below. The 
loads cf mine construction can be divided into two groups. 


The fire: group pertains to loads based on their own weight 
of construction and their elezents, heat insulation, loove bodies, 
boil, pay lcadea of various stockpiles and floorings, snow loads, 
toads fram operating cranes; the additional loads, including wind, 
loads from repair cranes ard temperature, specific action, including 
selgpic Loals in the regions of blasting. The remaining loads of the 


90 


first group have been repeatedly examined, have been Jetermined by 
structural standards and by rules, by special 4nd general technical 
conditions. These loads in subsequent accounts are cot clarified 
in detail and are involved only so far as needed in tho examination 
of special problems. 


The loads of the eecond group pertain to spezivl loads of 
mine construction. Such as, for example, the basic loads of the deck- 
house pile drivers and construction of a multirope lift, leade from 
the weight of the construction, of pulleys, of lift machines and 
Special equipment; the working loads of the lifts, of the load when 
braking the hauling vessels, at the time of the rupturing of ropes, 
and so on. The loads of the second group pertain also to special 
loade from a weight and horizontal pressure of an ore, fluxes and 
other loose material in hoppers, in ore stockpiles and so on. 


A considerable part of the construction and its elemente bears 
dynamic loads during the unloading of the ore in the receiving funnels 
and at other points, during the movement of railroad cers and ro.ling 
stock in deckhouse buildings and haulage constriction. A number of 
structures and their elements undergo the effect of dynamic loads 
from equipment, set on floorings, related sites and so forth. 


The principal loads enumerated here on the construction are 
examined in later chapters, dedicated to the calculetion and constric- 
tion of mine construction. It should be shown however, that in 
view of aqultiplioity and variety of the loads on mine construction, 
all of the special loads can be covered in the examination of 
individual structures. It is appropriate, therefore, to present the 
general data, determining calculated loads on construction and its 
elements. 


In general, the loads on mine construction are set when 
developing the projects and the working plans of deckhouse buildings 
and other construction, With the specifications in order to produce 
the calculations, the determination of stresses, the selection and 
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check on the sections and Joints, it 1s naceasary to know the aagnitude 
of the coaffietents of overload and of coefficiente of dynantetty. 
These values are not constants, but reflect the contemporary practice 
of produciag calculations. Given in Table 39 are the values of the 
BIss commonly used coefficients of overload and coefficients of 
dynamicity, taken woen making the caloulations of mine pile drivers, 
sunstrestion, deckhouse buildings, hauling galleries and piers, 
conveyor galleries, hoppers and other construction of the mining 
industry. It 1s necessary to show that in certain cases (and sub- 
sequently - everything in the greater number of cases) the dynamic 
action of the loado ¢hould be determined only during the process of 
the dynamic calculation of the conetruction. Thus, for instance, 

the dynamic action of the :oads from equipment set on the flooring 

of a multirope lift 18 determined. For such cases the values of the 
dynamic coefficients are not given in Table 9. 


Table 9. 


Coefficients 


toad and construction 


A. Overall loads 


Intrinsic weight cf the conetruc- 
tion, apart from the weight of the 


heat Insulstion...cccccscceceecesces 1.1 - 1.1 
Weight of the heat ineulation..... 1.2 - 1.2 
Effect of the snow.... ee] (104 - 1.4 
Effect of the wind............6- os 1.2 = 2.2 
Vertical and horizontal loads fron 

the crares......... Site siasinwiecewreeeeoel! | Ga'e9 1.2 1.6 
Leads from the telphers....-.....06) 1.9 1.1 1.4 
Coads from lift carriages.........] 1.3 - 13 
Coads at industrial sites and 

stockpiles....... eeccccvccccccoccccs| ded - 1.2 
Leads on serving grounds.........0) 1.3 - 1.3 
Hydrostatic pressure of the 

Liquids... cccccescvccccceccccscvecce| ded - V1 
Effect of temperature........- 1.2 - 1.2 


g2 


Table 9 (Cont'd.). 


Coefficients 
Load and construction 


Seisaic loads of high structures 
in the zones of the effect of 
blasting: 

at the top of the etructure..... 
at che edge of the foundations.. 


8. loads of deckhouse pile drivers 


calculation of main trusses and 
LPAMCE cree seccvvcnsvessseceece cveee 1.3 1.1 


Working loadsa of the skip lift in 
the calculation of asin trusses and 
PTOMES erence rrvcerenecvenecssserees 1.3 - 


Working loads of a lift cage in 
the calculation of bearing and 
transverse trueees and beams.......+ 13 1.25 


Working loads of the ekip lift in 
the calculation of bearing and 
transverse trusses and deams: 

am an acegleration up to 
1.0 B/S 8 ceca e ee eereeeee neces 1.2 
at an acceleration up to 
1.25 W/B2..crerccccrescecnces 1.2 1.35 
1.4 


Load when the rope ruptures.....65 


Intrinsic weight of the designs 
and the woight of the ropes.......05 1.1 - 


Weight of the new and 
Angufficiently~studied designs...... 1.2 - 


Effect of the landing of a case on 
the dogs with the additional coa- 
bination of loads not taking into 
account the rigidity of the cage.... 1.2 4 


The came, using the basic com 
bination of the loads.... cs seeceeees 1.2 2.5 3.0 


Effect of the landing of the cage 1 
on the dogs allowing for the | 
ridigity of the case and underdog 
beans (in the caloulation of the | 
Cage-Leam SYStOM)...eeececereveceene 1.3 According to calcula- 
tion 


Working loads of the lift cage in 
: 
| 
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Table 9 (Cont'd.). 


Coefficients 
Load and conetruction 


Effect of the braking cage with 
its fall following rupture of the 
VOPE re ccecereetccneenteceererssenss According to specifica- 
tions and datua, pre-~ 


sented in Chapter V 


Effect of. the loads of the sink- 
Jng equipment.....-....6. sa eenceees 


C. Loada of the deckhouse butidinge and of hauling gallertes 


Preseure in the receiving skip 
funnels during the loading of 
small-size fregments of crushed 
OPC 6 Sees osissa%e Peete nsec eansneceneces 1.3 1.201.15 1.5 


Loads from rolling stock: 
for metallic span structures 
along with the caleulation of a 
prospective increase of the 
loads by 10-208..........+ee0- [1.3-1.4 [Coefficients of dynan- 


icity are assumed de- 
for ferroconcrete apan struc- 
tures with the calculation of pending on the ballast, 


length of the load and 
a@ prospective increase of loada . 
by 20-30%...... sessssceeecteace [1,461.5 [tnG rest (see Chapters 


VIII and IX) 


Evenly distrihuted temporary 
loads of the flooring and of sites 


of the deckhouse building... ....... 1,3 - 1.3 
Weigot of the ballast-heat insula- 

tion..... See ed 1.2 - 
Intrinsic weight of the designs.. 12 - 


The seme, with the calculation of 
the weight of small pipes manifolds 
ané conduits ..........-6. ee eeeeene 1.2 - 1.2 


ya 


Table 9 (Cont'd.). 


Cocfficlents 


Lead and construcvion overlord |dynamicity 
g 


D. The leade os hoppers and funnels 


Pressure of loose oaterial in the 
receiving hoppers and funnels dur- 
ing the unloading of lumpy ore 
from the dump curs and dump trucks 
with @ carrying capacity of 25 t or 
more with a depth of the funnel of 
more tnan 8 Mm... .ccscccesecececcess 


Tne same, with the ore of aver- 
age lumpiness... ceseceseecccesecces 1.3 


Pressure of the loose material in 
the recolving hoppers and funnels 
during the unloading of small-site 
fragnente of crushed ores fron 
traas and dump trucks having a 
carrying capacity of 10 t or less 
with the depth of the funnel at 
Ba and eBS..0.. eeesceecersescece 


Freseure of the loose material 
in the hoppers and funnels during 
loading of conveyors and in the 
absence of precise data about 
volumetric weight......0+.----s wee 1.3 - 


The same, with precise data on 
the value of the greatest volu- 
metric weight of the ore and other 
Roose material... ceeeseseeesees 


1.3 4.2-1.5 


5. Loadsvof the gatleries and of cites of 
conveyors and feeders 


Loads from belt and shuttle 
conveyors : 
an average eegment, terminal 
stations, aobile unloading 
carts of belt and shuttle con- 


WOYORS. cece crc eceesecreceencs 1.3 1.1-1.2 
Oriving statlons....sececeveee 1.3 1.5 
tension devices ané longitu- 

dinal tension of tire belt con- 

VOYOPS cee eeeeeee wer eeeeeeeeees 1.2 - 


2.0 


1.2 


1.2 


Table 9 (Cunt'4.). 


Coefficients 
Load and construction 


Temporary evenly distributed load 
of the conveyor galleries.......... 


weight of platform feeders and 


THEAP APAVES. ccccee ec eeeeeecaeeecees 2.0 
Temporary evenly distributed load 
of the site.........66. errr rere 1.3 


4. Certain Problems in +n Building of 
ne Construction 


During the building of ore open pits, shafte, and ore- 
concentration combines ofenterprises the following general problens 
should be solved by interrelationships: the building of railroad 
lines, roads and the construction of transport; the laying of eleatro- 
transmiasion, couplings, district heating, compressed air, water 
pipe, sludge, sewerage and other condulte along with their linear 
construction; the realieing the objectives of the estructural base, 
temporary buildings, and others; organization of the sinking or 
stripping operation; the erection of construction and buildings at 
the sites of pite and at the workers’ settlement. 


Most complex is the linking up of these problems during the 
bullding of the buildings and construction at the industrial site 
shafts. In this inatance the thorough etudying and co-ordination 
of the calendar dates of the erection of structures, providing the 
mont expedient mutual location of the construction for power driving 
and othor temporary and permanent construction of an open pit, is 
eepecially necessary. Given above were the comparatively nore 
(Pigs. 15 and 22) or lesa (Pige. 14 and 20) successful diagrams of 
the lecation of the structure of ore mine shafts. Diagrams in 
Figs. 15 amt 22 ajlow to the greatest degree for a combination of 
aork through the driving shafts and the erection of permanent build- 
ings and structures at the surface of the ore mire shaft. 
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In each individual case during the resolution of the probdlezs 
of construction technology et the site of the mine shaft one ought 
to consider along with volumes and sequence, the procedures of mining 
and construction-maintenance work, et the level of their mechaniza- 
tion, the character of the applied designs of the mine construction 
and the established dates of their erection, and also along with ths 
specific conditions which, in part are stated below. 


Generel construction plane are developed for several character- 
istic periods, the first of which is the preparatory period. The 
aeoond period is characterised by intensive driving, and also by the 
building of the first priority construction. At two basic units of 
the induetrigel buildings end construction (Pig. 15) during this period 
the constructlon of the unit of the buildings is carried out. The 
conetruction of the second unit 1s done during the third period. Aiso 
in a number of cases ueing e combination of the periods, the 
appropriate unification of the general construction plan is carried 
out. 


During the preparetory period the earth work ia done, the 
Yailroad linee and roade are built, the comaunication lines, electre- 
transaission lines, temporary or permanent electric substations, 
teaporary construction and atockpiles, including material warehouses 
and storage houses for the explosives, sinking construction, part 
of the permanent buildings, utilised for the purpose of driving and 
the construction, primarily the first order administrative offices 
of enterprises and mechanical workshops; they instal] the sinking 
equipoent and construction oechanisms. During this same period in 
a number of casea the mouth of the shaft is eunk. One solves the 
lest problem depending on the local conditions. 


With drum lift machines and pile drivers with guide pulleys 
the driving of the mouth of the shaft with the erection of shoring 
4s done prior to installing sinking pile driver ueing temporary 
suopension shoring excavator or crane with a bucket, mobile 
hopper end dump trucks. When using temporary ehoring in week rock, 
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the mouth of the ehaft which is determined by the limit of the 
atabiiity of conventional teaporary shoring and by difficulties with 
she equipment for the supporting rim usually doee not extend more 

than 8-10 m. Under such conditions the rapid erection of permanent 
shoring 18 necessary. When tubing the shoring, for example, it ia 
recommended that the soil be burrowed to a depth of 3-5 m, and this 
section be fastened with the cuncrete to the remainder of the recesses 
for the pile driver underframe, and the cementing of *he anchors for 
the suspension of the tubes. 


With multirope lift devices the shoring of the mouth of the 
shaft can de combined with the foundation of the etructure. In this 
instance, reliable tubing or othe: shoring, under examination during 
cho erection of the permanent pile driver should be provided in the 
yection of the foundation of a tower pile driver in the sha t. The 
shoring of this section is suspended to the temporary supporting 
concrete ria, located at the level of the surface or lower, or to 
the beam flooring of the cage, which lies on shallow foundation slabs. 
At the level of the foundation of the subsequently discussed section 
of shoring it is expedient to set up a developed ferroconcrete ring 
vy design. The presence of the latter results in the elimination 
of the need to reinforce the section of pernanent shoring. 


During the building of maine shafts the probleme dealing with 
the most expedient driving of the shaft for horieontal mining are 
solved. In accordance with this, permanent pile drivers with guide 
pulleys, in certain cases, are used for purposes of driving. 


The sizes of parmanent pile driver machines by design are 
relatively small, as a consequence of which its positioning at the 
levol of the head within the limits of the permanent pile driver 
machine of a large number of pulleys, necesssry for the suspension 
of the ginxing cquipment, usually is not possible. At the subpulley 
gaite of the permanent pile driver during the driving subpulley beams 
ant pulleys are installed for lifting the buckets and suspension 
pugps. The pulleys for the suspension of rescue etairs, cables and 
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some other items are installed on a temporary intermediate -anding- 
Conduits for cementation, ventilation and compressed air are suspended 
to the buntone of the shaft. The sinking landing is suspended in this 
inatance by two branches of a rope with the bracing of one oranch tc 
the subpile driving frame and by passing the second branch tarough 

the pulley, set on a special landing in the mouth of the ehaft. Thus, 
the utilization of the permanent pile drivers for the purposes of 
driving the ehaft Beane the need for utilizing the specific technology 
of driving, which should be thoroughly studied. 


In general, the utilization of permanent pile drivers for ~ 
the purpose of drivings is relatively expedient with a minimus number 
of pulleys, i.e., for small shafts. Under conditions of driving deep 
shafts the utilization of permanent pile drivers results in the 
limitation of high-speed indexes of driving. 


In gost oases the driving is done using stock add-on sectional 
sinking pile drivers. In this case usually the problem of the rapid 
replacement of the sinking pile driver by a permanent one should be 
solved. The metallic permanent deckhouse pile drivers answer thie 
condition to the highest degree. During the replacement of the 
Sinking pile driver by a permanent one a complex of problems should 
be solved, which arises, beginning with the momert of stopping the 
operation in driving the mine shaft and of the crosscuta of the 
near-shaft yards up to the moment of adjustment of the permanent 
lift. Except for the time to complete the operations on positioning 
or installation tha permanent pile driver, one ought to consider 
the time to hoist the sinking equipment and dismantling the landing 
area, ropes, pulleys and a sinking pile driver, for which 5-10 days 
ia necessary. Purtherwore, ths subpile driver frame, alignment of the 
pile driver, coupling the machine to the subpile driver frame, the 
installation of doge and the attachment of the vessels an additional 
10-12 days ia necesesry. 


For the thorougtjly organized positioning of the pile driver 
a considerable period is not necessary. The positioning of one of 
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the mine metallic pile drivers at a height of about 50 m and at a 
weight of more than 100 t was performed after 5 h at an average rate 
of the movement of a pile driver at about 5 m/h. 


Several methods of installing the metallic ceckhouse pile 
drivers wlth guide pulleys are known. One of the siaplest methods 
amounts ¢¢ installing an assembled pile driver in a horizontal 
position with its movement to the shaft and by the further lifting 
and turning cf the machine, and boom of the pile driver around on 
cthree hinges inte the assigned position. The widely-xnown method of 
inetalling the assembled machine in the horizontal pesition with its 
wovement and lift over the ehaft with the simultaneous aliding of © 
the lower part of the machine along guides, the mounting of the machine 
on the gutpile driver beam with the further aounting of the boon. 
Under the condition of a preliminarily made expanded asseabling of 
tae deoigne, tne installation of the average pile driver using the 
specifiew methods can be made over 2-6 days. 


With the calculation of the above enumerated work for replac- 
{ng the sinking lift with a permanent one, installing the pile 
driver with guide pulleys and adjusting the lift under ordinary 
conditicas, 1-1.5 months is necessary. 


Specifically, the problem of replacing the pile driver with 
permanent tewer pile drivers with aultirope lift devicas is taksn 
into consideration here. In particular cases, for metallic tower 
pile drivers and sma!l ferroconcrete pile driver, the possibility 
of productive work also by a method of positioning the structure has 
not deen excluded. The weight of the supporting metallic designs of 
the mine tower pile drivers conetitutes 300-3000 t; in this case, the 
weight of 1000 t and more corresponds to heavy tower pile drivers. 


Today, there sre several exanples of the practical realization 
moving construction at a speed up to 10 a/h with the weight of the 
meving structures going up 70 3500 ¢. At one of the iron-ore amines 
of the USSR for the first time in she world the feat of moving a 
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mounted metallic tower pile driver weighing 3)00 t with four supporting 
multirope lift devices for @ distance of 52 m froa the zine shaft was 
accoaplished. ‘The eove was made Over several hours. 


in general during the replacement of a sinking piis uriver by 
Q@ permanent tower pile driver measures are carried out, directed to- 
wards a caximum reduction of the periods of erecting the permanent 
pile driver (the utilization of mobile planking and others) and phased 
with thy time of mining work. In this case when heading she horizontal 
aine worcings during the period of the erection of the tower pile 
driver it should be poseible to use the nearest shafte. 


During the erection of the ferroconcrete tower pile driver 
with the multirope lift devices or ferroconcrete pile drive> with 
guide pulleys, a nonpile driving heading of the shaft by parallel 
completed work can be used in driving and erecting the permanent file 
driver. This type of driving was organized in the coal industry 
for driving vertical shafte having a diameter of 7.5 m. In thin case 
at a depth 22 m below the level of the shaft aouth a landing was 
located, where the rock from the bucket in the trolleys, is taken 
to the surface along inclined workings with a double-end inclined 
lift. Cn the surface the rock 1s unloaded into a hopper and then into 
dump trucks. The mine shaft is floored below the subpile driver frane 
which makes 1t possible to simultaneously operate the driving of the 
shaft and the erection of the driving hopper - ferroconcrete nonboon 
pile Griver with guide pulleys and a receiving hopper. 


One ought to note, that the increase in the volume of the 
workings manufacture using a nonpile driving heading, located under 
the foundations of the tower pile driver or driving hopper, is 
deficient, the consequences of which - the possibility of the settling 
of the construction = should be forewarned by all necessary reans. 


Sometimes the utilization and tower pile drivers for the 


purpose of driving the workings is not ruled cut, which, by csorresponc- 
ing form, changes the atove given positions. . 
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Among the other eeasures, which successfully allow one to solve 
the probiems of amine construction, one ought to note the following: 


1) the reduction of the time periods of erection of the 
main construction, which determinee the time of initiating the 
cperstiona for the undertaking; 


2) the ormganieatior. of the productive work in the central 
mine unite, including the erection of deckhouse pile drivers and 
other structures going to a height of 100 m; 


3) the possibilities of combining the erection-installation 
work, which taxes on special significance in space-relited units; 


4) moving of construction and its units weighing up to 
5000 t or more in central units of mine shaft and of units of other 
construction predominantly with limited sizes by design and which 
are characterized by considerable erection-installation time; 


5) the erection of tower ferroconcrete pile drivers and of 
other high structures using aobile planking; 


6) the utilization of steel framework for bracing the 
shields of the planking, ferroconcrete and light-weight concrete 
sheathing units. 


in planning mine construction also these problems should be 
ULhuroughly developed: 


1) the mechanization of the supply and laying of concrete 
with its descent to a considerable depth in the forms of receiving 
funnels, crushing housing, the shoring of the mouth and stems of 
mine shafts and by the lifting of concrete to the upper levels of 
tower pile drivers and other high construction; 


2) the tnetallation of the structures of deckhouse bulldings 
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and also hauling and conveyor gaileries with spans up to 50-190 mn 
orf sore; 


3) the installation of heavy structures cf hoppers and ore 
storage bins; 


4) equipment and installation of contemporary structure of 
wall and other barriers with the calculation of their protec:ion 
against the action of an unfavorable temperature-moisture conditian, 
vibrations, explosions, abrasions, etc.4 


5) the erection of tunnele and masonry of coamunicatlon with 
their linear construcion; 


6) inatallations varied in purpose, based on the welgnt and 
the over-all aizes of the equipment, located at various levels ir. 
the locality of the construction, in housings, galleries, underground 
workings and open areas; 


7) earthen work in rocky and other soile in trenches of 
considerable depth; 


8) the utilization of caissons and other fuundations set 
deep; 


9) the erection of structural foundations as revetaents to the 
steas of mine shafts and other sunken designs; 


10) the utilieation of assexble-disassemble foundations for 
the largest part of the sinking equlpment, and others. 
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CHAPTER VW 


CESIGNS OF PILE DRIVERS 


1. General Information 


The accepted schemes of lifts, the system of the pile driver 
and material from which it ia built primarily effect the choice of 
design of the pile driver. Today metallic pile drivers are 
predominantly ueed, and in a number of cases the utilization of 
other construction material is found. The presence of specified 
material or the absence of some of them in the construction field, 
tre periods of construction connected with the contimous operation 
of the undertaking and the specific conditions of the construction 
of the deckhouse construction, largely determine the selection and 
practical final outcome of the design of the pile driver. 


Presented in this chapter is a description of the designs of 
oetaliic, steel-reinforced cement, ferreconcrete and wooden mine pile 
drivers; attention is given to the description of the elements of 
the metallic pile drivers, in whioh the characteristics of the 
systems nre most clearly reflected. Therefore, the description of 
the elements of metallic pile drivers simultaneously has significance 
aven for she characteristic of the designs and of the elements of 
the pile drivers aade from other materials, primarily steel- 
reinforend concrete and sectional ferroconcrete. Described below 
aro the elements an? the parts of pile drivers, including the designs 
of wachine tnatallations, their facing, parte of the underdog teams, 
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buntons and conduits, and with some changes the parte are repeated: 
in tower pile drivera, which are used during eultirope lifts. 


Information on lift vessels and parachutes. The main 
single rope lifts of ore mines, used for lifting ore and in large 
mines and for the lifting of rocks are usually equipped with over- 
turning skips along with payloads of 2; 4; 6; @ ane 10 w, which 
corresponds to carrying capacities of 5; 7,5; 10; 15; 20 and 25 é. 
The skips with bottom unloading are used extensively with aultirope 
lifte and have a carrying capacity up to 50 ¢t. 


In order to fulfill auxiliary operations, (traneport-lifeing 
people, rocks, material and equipment), and in pines of low 
productivity and for the lifting of ore, usually nonoverturning 
cages are used. The overturning cages, widely used in tha coal 
industry, aro rarely used in ore mines. 


The unloading of the overturning skips is done with the help 
of special unloading curves (Fig. 82). 


pe 
i | Fig. 83. Curves for unloading the 
as ekxips. 
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Fig. 84. Mine cages: a) the diagram of a single-deck cage with 


woeden guidee for the ore trolley having a capacity of 1 n? (2.5 t); 
b) the diagram of & cage with metallic guides and PTX parachutes for 


an ore trelley having a capacity of 4& » (lo t). 
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During unloading the overturning skips and cages are inclined 
in a horizontal direction for a considerable distance, in connection 
with the fact that the unloading curves are attached to 8 special, 
contilever part of the pile driver machine, called an unloading 
cantilever. : 


re In the ora industry single-deck and double deck cages arc used, 
The wine cages have deen calculated for 1!ft loaded trams having a 
capacity of 3.5-10.0 », which corresponds to a carrying capacity 
of 1.2-25 t. The most widely used standardized capacities of 
overturning ore trame (VRO) (8P0] ~— 0.5; 0.- and 1.0 n?; eelf—duaping 
ore trams (VRS) [8PC) - 1.6; 2.5; 3.8 2; blind ore trame (VP2) (8Pr] 
1.2; 23 8; 6) 9; 10m; 
e 

The frame of the cage — usually steel, in certain oases light 
alloys are used. The closet is sheathed with a perforated metallic 
sheet; inside the cage, as a rule, the railway fer the horizontal 
movement of the trams is located. id 


Figure 84a, b, shows the diagrams of the widely used, 
Single-—deck cages with wooden and metallic guides. 


Lifte with conventional heavy cages (with end loads of more - 
than 10-15 t) under aine conditions are supplied by parachutes with 
brake ropes (PTK] (NTH). These parachutes operate for any end load 
and practically at any depth of a shaft. 


The diagrams of the location of the brake ropes and pile driver 
guide pulleys io show in Pig. 65. With two-sided guides (Fig. 85a, 
ce) the braze ropes ara positioned in the plane, passing through the 
center of the lift rope and make up by design a.certain angie with 
the plane of the guides, but with one-sided conductors (Pig. 85c, da) 
the brake ropes are located in the plane, passing through the center 
of the lift rope, parallel to the sides of a machine mount and 
ljfting vessel. 


107 


Pig. 85. Basic diagrams of the posi- 
tion of the guide pulleys end brake 
ropes using PTK parachutes: a), b) 
with the position of the guide 
pulleys at one level; ¢), d) with the 
position of the guide pulleys along 
one vertical plane. 


‘Te upper ende of the brake ropes end up at the pile driver 
group of parachute equipment, where it inoludes shock absorbers, - 
connecting c'utches and plates under shock absorbers. 


Pigure 86 shows the attachment of the brake ropes on @ lower 
subpullcy landing with the position of tha pulleys in one vertical 
plune. , 


In this instance the lower pulley prevents the coupling cf 
the one outer brake rope, in connection with the fact that with two 
Bides of the puiley s;moetrical relative to its axes, the two shock 
absorbers are installed; the outer brake rope is fastened to the 
ehcca-proof ropes or to the ara. 


The difficulties using the outer shock absorber can be completely 
eliminated by positioning the shock absorbers on a special landing. 
Tne load from the brake ropes on the pile driver io transmitted ~ 
consequently through the connecting clutches, shock-proof ropes, 
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shock absorbers and their plates. The introduction of relativeiy 
small snock-proof ropes can be explained by their wear and by the 


weer and tear of the shock absorbers and by the need for replacing 
them. 


Pig. 86. Diagram of the location of 
the pile driver group of the PTK 
braking devices with the location of 
the polleys in one vertical plane: 

1 — brake ropes; 2 — connecting 
clutches; 3 -— shock-proof ropes; 4 - 
shock absorbers, 


The shoc' ¢-roof ropes are cramped into the spiral-rope in shock 
absorber an@ . - have an undulating form. The brake rope is suspendec 
by one, two or three shock-proof ropes; in the latter case, one of 
the central ropes directly sustains the load of the brake rope, and 
tha to others are free, with slack. With arise of considerable 
Strengthening of braking in the brake repes the latter is transmitted 
primarily to one shock-proof repe. With a certain tightening of 
the central shock-proof rope through the shock absorber, considerable 
resistance ia created because of the friction between undulating 
forn cf craoping of the rope and the working surfaces of the shock 
absorbers. The cesistance of the shock absorber can be regulated 
within rather wide limite bacause of the movement of the screw 
gripper. In proportion to the tightening of the first shock-proof 
rope during the operation the remaining ropes are collected, which 
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are also cramped in the shock abeorber. The described ehock ausorbesr 
assure the necessary resistances and the conditions of braking the 
cage. Thus, for instance, if a cage with a man in it ie braked 
during a sreck with deceleration with the limite of 5g, then during 
the abrupt cut-off of the same cage with some people in it would 
experience somexhat less deceleration, i.e., conditions would be 
created more favorable for a human organisa. The exieting designe 
of epiral-rope shock absorbers assure a change in the values of 

the resistance over wide limits. The magnitude of resistance 
bantcally depends upon the kind of rope in the shock absorber, i.e., 
the position of the screw and, to a amall degree, how it changes 
with varfous conditiona of the surfaces of the ropes and wheels of 
tae shock absorber. 


The cage groups of the PTK parachute equipment consists of 
a parachute catcher, suspension devices, guide clutches and the 
terminals of the lift rope. During tne breakaway of the lift rope, 
the cage group equipment assures the catohing of a falling cage and 
the transmisvion of the loade from the cage through the catcher to 
the brake ropes. 


In order to create the necessary working ..nsion of the brake 
ropes as well as to set the positions of their lower ends 4 sump 
Group of parachute devices, consisting of a tension liaiter, a 
tension clamp, beams and a terminal for the brake rope is installed. 


The general concept about the beam cage at ths pile driver 
Site, involves shock absorber devices under normal haulage and 
with the location of the pulleys in one vertical plane, as given 
in Fig. 8&7. On this basis two sete of shock absorbers, with two 
shock absorbers in each set were established. Each ehock absorber, 
in this case, considering the central location of the conductore, 
vnlfte of a lift by 384 mam from the axis which determines the 
position of the beaas, supports shock absorbers and sustains the 
loadsa of braking devices. 
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Fig. 87. The shock absorver landing 
device: 1 — the positioning point of 
the brake ropes; 2 — lift rope; 2 -— 
beam, which supports tho shock 
absorbers. 


Ucually, single-groove and triple-groove twin-screw shock 
absorbers with shock adsorber ropes having a diameter of 43.5 nm, 
are used. Using triple-groove shock absorbers three or two shecx 
adsorber ropes with brake ropes having a diametor cf 31-52 ma are 
installed. With brake ropes having a diemeter of 40 mm and pore, 
threa shock adsorber ropes are installed. ‘Triple-groove twin-screw 
TASM2~1 shock absorber has tho sizes of the supporting plate, 
340 = 430 mm, with the grid of the anchor bolts at 290 = 270 mm. 
The shock adsorbver ropes are displaced from the center of the lerger 
Side of the support plate by 15 mm. Single-groove twin-screw 
TASS1-1 shock absorber differs from the triple-groove by léss than 
the width of a support plate (252 mm instead of 340 am) and by leas 
distance between the axes of anchor bolts (202 mm inntead of 290 am), 
respectively. The haight of the twin-serew shock abscrbers 1s 920 mm, 
Tho weight of the singlce-groove shock absorber ig 0.2 ¢, the 
triple-groove, 18 0.3 t. The ahocx absorbers are usually inetalled 
on the traneverse channel bars, whose walls are inverted toward the 
axiy of the rope, the distance between the graduation line of the 
shelf of channel bara for these shock absorbers constitute: 270 an. 


For cage lifts with one-sided rail conductors [PKL] (MH.*) 
parachutes (the parachutes of the cage are lightweight) are used. 
By installing them inorder to catch the cage, @ one vrake rope is 
used, which ie lecated between the rail conductors on one side of 
the cnga. The brake rope is gripped in the rope-screw PTK shock 
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absorber, set on the lower pulley or on a special landing of the 
pile driver. The parts of the equipment and of the shock absorbar 
device in this inetanoe completely correapond to that described 
atove. 


ith rail conductors and end loads up to 15 t blook-eccentric 
{RKE) (IQ) rail or rail eccentric-shoe (REX) (P3H) parachutes 
@re unci, xaich are characterized by positioning the rope-screw of 
the shock absorbers to the cage; there is not need for brake ropes 
and tee akcek absorbers on the pile driver landing in thie instance. 


Sith wooden conductors and end loads up to 15 t, parach»tes 
made for the wooden conductors (PDP) (NAN) are used which, have 
rope-ecrex chock absorbers on the cage, and do not require the 
suspension of the brake ropes and installation of the shock absorbers 
on the plle driver landing. 


Xooden conductors has aet precluded the use of parachutes for 
catching (Shakhtostroy's parachutes designed for wooden conductors). 
During 4 breakaway of the lift rope the crabs (the seizures of the 
parachites) are made by a main spring by a motion whioh is turned 
ac a certain angle and cuts into the wooden conductores. In this 
way the braking of the falling cage and ite stoppage is attained. A 
number of cages for lifting ore trams having a capacity up to 2 a? 
has been equipped with notching parachutes. 


In view of the nonuniformity of the sturcture of the wood for 
etaer reators 4&8 well, notching parachutes are characterized by the 
pessibllity of the emergence of an inadmispible amount of braking 
furcees anz the deceleration of the cage. Therefore, the parachutes 
of tnis type can be used for emall end loads (up to 10 t) and 
with a ratio of the weight of the loaded oage to its dead weight, 
up to 1.3. 
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Pulleys and pulley Zandings. On the pulley landing gutde 
pulleys are installed; at the level of the pulley landing or near 
it, shock absorbers of PTK, PKL parachutes and other equipment of 
the plle driver grcup of parachutes are placed. Routine inspections 
of the lubrication of the pulleys and parachute equipment are made 
at the pulley landing. Near tre level of the pulley landing in a 
number of cases atop bare and other devices, cennected »ith the 
warning of an accident during an overwind are installed. 


The pile drivers of small and average size are equi¢ped with 
pulleys 1200-8000 mm in diameter. On the larger ple drivers 
pulleye 4.0-6.0 um in diameter are commonly installed. 


Table 22 gives some information about guide pulleys and the 
diameters corresponding to then and the rupturing forces of the 
lift ropes. 


Table 22. 
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The loads from the pulleys are transmitted through the support 
and end planes of the bearings of the underpulley truss. The bearing 
ie ueually inatalled on an upper telt of the underpulley truss in 
the Joint of the latter taking into account that resultant forces 
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in, Liv: ruyes, transmitted by the bearing, would pass through the 
eonler of the pulley snd the center of the joint of the underpulley 
truss (Sic, 8). Olrect support of the bearing is provided by the 
suppare piote made fram sheet metal having a thickness of 12-40 om 
(ually 70 «nd. The plate is attached to the upper strap of the 
trata end Joined to its elements by riveting or welding. The 
reaping ly traced to the piate vith boits and wedged between two 
veering sheets having a thickness of 30; 40 or 50 am. The bearing 
sheets are commonly made of ccaponents from tuo strips, each having 
& batekness of 20 ma. 


. 93. Diagram of the bearing device guiding the pulley: 1 — bear- 
; 2 - suppert plate; 3 — augpport sheete. 


* 
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Tne besrings sre installed syanetrically relative to the under- 
puliey trusses in 9 transverse direction. Thus, the vertical plane 
of eynmetyy of the truss is usually parallel to the planes of the 
puilcy and pareec through tne center of the bearing. Sometimes, 
She plane of she pulley constitutes a small angle in the plane with 
she veriieal pisnes oF the trusses. However, even in thie case, 
sernter of the bearing rests in the plane of the truse cr in the 


“rneg tata virinicy cf the letter. 
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The weight of the complete set of small pulleys, itnetalled at 
the underpulley landing, having a dtameter of 1.2-2.0 m, including 
the welght of the bearings and axes of the pulleys, constitutes 
0.521.4 t. The corresponding weight of the average pulleys having, 
a diameter of 2.5-4.0 m constitutes 1.5-5 t, and with diameters of 
5-6 m, attains 6.7-12.0 t. 


Por lift devices and the repair of pulleys a simpte assembly 
frame (Pig. 69) is usually used, the uprights of which are located 
in the plane of main trusses or frames of the pile driver with the 
distance between their arms corresponding to the amount of panel 
below the cositioned design. The crosspiece of a transverse frame 
fa made of two parallel aligned beams, Joined by horirontal 
couplings. The beam: for the installation of the pulleys are set 
parallel to the planes of the aain pile driver frame, for the moat 
part, in the planes of the pulleys. If the number of pulleys and 
their weight are considerable, and the underpulley lending is 
developed according to plan, then it is possible to use 8 bridge 
crane for the installation of the pulleys. 


Pig. BY, Assembly 
frame for the lift, 
installation and ,epair 
of guide pulleys. 
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Devices for overvinding. During the lift and descent of people 
to a depth of 400 = and more in a shaft the cage moves at a speed 
ef up to 12 n/c. The rate of movement of the skips at the height 
ef the iirt to 1] ka can reach 25 m/e (30 ia/h). Such velocities 
ape aecessary to meet the assigned productivity of the undertaking. 
Me cafety of the operation is secured, especially, by the utilization 
of devieeo, which prevent the possibility of overwinding. Por this 
purpose the lift device is equipped with two end switches, set on 
a 24ie driver and on the Indicator of the depth of the lift machine, 
automatically cutting off the device which includes a eafety 
brake during the lifting of the cage by 0.5 m higher than the normal 
Fosition when unloading. 


With the installation of automatic safety devices, the height 
of overwinding for cage lift devices should not be less than 4 and 
Em at rates of liftup to 3 m/e and more than 3 a/s, respectively. 
For cargo lifts using skips, the height of overwinding should be 
get for not lese than 2.5 a. 


The contact end switohes installed on the pile driver are 
engaged by direct pressure of the lift vessel on a special 
lever during the overwinding of a cage or skip by 0.5 a. Ina 
corri-apcnding way the end switches on the indicator of the depth in 
a machine building are aleo adjucted. The latter are quite 
accevsible for inspection, do not experience shock, are located 
indoors at a constant positive temperature, operate reliably; 
under operation; conditions of the contact of the end switches on 
the pile driver are unfavorable: their inspection is hampered, and 
under conditions of high humidity at a low temperature icing 
acetrs. These drawbacks do not have noncontact end switches, which 
have been recently made and extensively used. Just as with other 
enc switches, they are coapletely compact and they do not require 
much “pace in a pile driver. 
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One should point out that prior to the extensive use of end 
switches designed for overwinding various devices were employed. 
The possibility of overwinding was prevented by means of: 


1) the convergence cf the strands (during overwinding a wedging 
of the lift vessel takes place due to the strands); 


2) the convergence of the strands with their strengthening by 
epecial designs; 


3} the installation of emergency catch-latches; 


e 
4) the installation of stop (support) rod; 


5S) utilization of harpoons and so on. 


According to the rules of safety 1t is necessary to use scne 
of the shown devices under the condition that the automatic meann of 
electrical protection against overwind is lacking. Thus, for care 
lifts, not equipped with end switches, it ie necessary to draw up 
the strands in the pile driver higher than the landing for the 
purpose of preventing the lift of the cage under the pulleys. 

Tn order to prevent the fall of the cage in the shaft in the case 
cf its overwinding with a subsequent breakaway of the rope, one 
ought to install emergency catches. 


Separate devices for overwinding have been used in a number 
of mines of the ore industry siaultaneously with the use of the end 
switches. Given below is a brief discription of the enumerated 
devices to prevent overwinding. 


Phe convergence of ratl guides. The wedging of a lift vessel 


between rail guides is attained by converging the external surfaces 
of the rail guides. Convergence can be produced in the direction 
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chown on the diagrams a and b , Fig. 90. The reduction of tha 
diatanee between the rail guides according to diagram b can be 
Eroluced cecause of the cramming between the rail guides and the 
Surtone or because of the increasing size of the rail guides. 


Ple. 9C. Diagrams of the convergence of the rail guides: a) b) 
direction of the convergence of rail guides; c) diagram of the 
wedging of the lift vessel betwean the rail guides, atrengthened by 
anacial desitgny, at the moment of the rupture of the rope. 


Using a skip lift the convergence of the rail guides, as a 
tule, 41s not produced, but with a cage’ lift, one is usually limited 
tu a convergence with an incline up to 18 with the magnitude of 
deviation in the gail guide within the linte of 30-50 a. 


With a tensile strength of the ropes of 100-200 t, the 
comparatively low rigidity of the rail guides and buntona and- 
inc)ination nf tie wedging fo 1% as a result of considerable sags;. : 
the uffact of the wedging 1s caall. Therefore, in certain casee 
a very simple reinforcement of tne rail guides and buntone are 
rade whereby for a section with the inclination of 1:100, double 
rail guidey are installed, the buntons are somewhat reinforced, 
their spacing am so on shortened. Such measures increase the 
possible reinfor, lenent during wedging of a vessel by 2-4 times and 
‘noure nm nore perceptive wedging with the convergence of the rail 
guides, 
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Convergence of ratt guides, reinforced vith speotal destgna. 
During the wedging of a rigid 11ft vessel between conductors, 
reinforced with speoial designs (Fig. 90c), at the moment of 
rupture of the rope the following forces appear: 


Toke 
2 saa + 2HKy cose = P, 


or fe Nee bs 


2H (sine + Kw cose) = P, 
where f = the force of friction; H - pressure on the rail guides 
during wedging; Tip — the coefficient of the friction of the slip; 
P — force in the lift rope. 


¥ 


BY assuning 
dine +X,onex04, 


we ‘will have 


HP. 


Therefore, the upper thooretical limit of the value # 4a the 
tennile strength in the lift rope. The actual value # because of the 
elasticity of the cage, rail guides and of other designs will be 
substantially less. Ase a first approximation 4 can be taken to be 
equal to 0.5P; however, its value can be detormined with any 
degree of accuracy allowing for the rigidity of the cage, reil 
guides and designs. Frequently, the deeigns, the reinforcai rail 
guides, are calculated for the action of the force of thrust, equal 
to S2-70% of the tensile strength of the rope. 


Figure 91 shows @ Section of the upper part of a single-hoist 
cage pile driver, Level I corresponds to the beginning of the 
convergence af the rail guides, and at level IJ, where the beginning 
Cf wedging :f the vesse)] is expected, a powerful horizontal strap 
1s provided, From level IY, parallel to the rail guides, the 
cloments of reinfarcament which represent vertical netallic two-strip 
bars, are instatled. The lower horizontal reactions of the bare 
are aksoried by the 6trap at level IZ. The upper horizontal reactions 
are absorbed by the connections at level Ir, 


Fig. 91. A section of 
the upper part of 8 
cage pile driver. 
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Pigure 92 gives @ plan and scction of the upper part of the 
pile driver made from two cage separations. Here, Just ae in the 
previous example, 77 - level of the expected start of wedging of 
the veseals. Somewhat higher up the emergency catches are installed 
and still higher up, the stop bers. 


Pig. 92. ‘The reinforcement of the buntone at the level of wedging 
of the lift vessel. 


The outer rail guidee in thie case are retnforced oimllarly 
to that described above. The inner rail guides located at a 
distance of 200 am in the clear, and the metallic double-T upright 
cannot fit within this overall size. Therefore, & T-shaped element 
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1 gade from cast stvel is ueed here, which combines the reinforced 
Nnton and siaultaneously, the vertical element of reinforcement of 
the rail suides. 


Safety lug-oateh and stop dar devices. Safety lugs are inatalled 
at the level uf! wedging of vessels and above thea -— stop bars. fhe 
esfety luge are installed taking into account the allowance for the 
mint height of the fall of the cage to the level of the lugs 
after the break of the lift rope. 


Figure 91 shows the etep dar devtae, which is fastened to the 
loxer strana of the underpulley trusees. The sections of the straps 
are reinforced, the panels are shortened. 


Fig. 93. The stop bar device in the pile 
driver machine. 


The safety lugs and stop bar devices are given in Fig. 9%. The 
bara transmit the loads to the welded bean, whose ecction corresponds 
to the loafs and to the amount of span. 


Analogous devices on overwinding are also used on wooden 
equipment; the reinforcement of rail guides in a section of 
convergence {2 carried out because of the close setting of the 
buntons. Furthermore, here the stop bara, reinforced with upright- 
spacers which transmit a part of the forces of the underpulley 
landing of the pile driver. One also inatalls the safety luge, 
fixed to wooden underlug beans of the machine, on the section. 
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Pig. 94. The safety 
catches and stop bar 
devices in @ frase pile 
driver. 


The utilisation of harpoone. At one of the English mine shafts 
metallic harpoons have been set on the pile driver; during overwinding 
the harpoons enter special boxes, fixed to the cage (Pig. 95); the 
latches of the harpoons prevent the fall of the cage. With end 
switches the Rules of Safety do not require the use of any mechanical 
measures of protection against overwinding. 


Stop or rest bare rix the limiting point of the lift, serve 
as moans to prevent damage during the lift of the vessels up to the 
guide pulleys and the safety element of the underpulley trusses. 
Tus, tho bars are a form of protection to the pile driver. Their 
utilization has significance at a emall height of overwinding hy 
6-8 (4-6) m for cages, and 2.5-% for skips. At the greates: height 
of overwinding thie device gradually loses its value. 
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Fig. 96. Harpoon device: 1 — closet; 2 - 
’ lateh; 3 — harpoon; 4 — brake shoes on the 
: br rope; 5 — rope (guide and brake); 6 - 


. stop; 7 — support shoes; 8, 9 — fasteners 
33 L. for the harpoons; 10 — shoes. 


The convergence of rail guides, simple or with reinforcenent 
can be easily carried out with the bolstering of the machine; it 
applles only for cages at a limited height of overwinding — 6-8 
(s-6) =. Por cargo lifte the need to use such equipment diminishes. 


In the aneence of end switches on cage lifte based on the Rules 
of Safety the actual application of convergence of rail guides and 
of safety stop devices is necessary. However, without the stop 
bars the level of the lift vessel at the moment of rupture of the 
ropu cannot ve determined sufficiently accurately, as a consequence, 
the use of the safety catches loses its significance. Thus, for 
cage lifts, not possessing end switches, the atop bar device te 
completely necessary. For skip lifte, not possessing and switches, 
the stop bar device is also necessary. 


The recommendations given above of cage pile drivers are 
entered in Table 23. 
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2. Phe Blements of the Pile Drivers 


The overall stsee of the machine. During the determination 
of the overall sizes of the machine the required clearances between 
the advancing parts of the lift vessels and metallic buntona and 
spacers of the pile driver should be taken. 


fe least permissible clearances in the pile driver machine are 
given in Table 24, 


One ought to point out that the clearances (without the 
brackets) are minimum and should be maintained during operation, 
This means that during the manufacture of the pile driver one should 
provide somewhat larger sizes of clearances. 


Table 24. 
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The data given in Table 24 about the clearances batween the 
buntons and parte of the lift vessels, separated from the axis of 
the rail guides to a distance to 750 mm, pertain, especially, to 
the clearances of the parachute equipment with cages. 


A good deal of attention should be paid to the question of the 
purpose of structural clearances in the pile driving machine. An 
inadequate amoun. of clearances Leads to the need to cut metallic 
designs and, therefore, compels one to apply local reinforcement 
to the elements of construction, which is nut always possible because 
of the limit of the overall eize of the machine. On the contrary, 
the purpose for excessively large clearances leads to an increase 
in the reinforcement in the elements of the machine, especially, itn 
the buntons, receiving the load from the rail guides. 
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Figure 96 gives dimensional diagrams of certain pile driver 
machines. 


Fig. 96. The overall sizes of certain pile driver aschines: a) with 


two cages for ore trams having a capacity of 1 al (2.5 t): b) with 
two coal skips with a carrying capacity up to 9 ¢; ¢) two skips 
having a carrying capacity up to t and a cage under the ore trolley 


having, a capacity of 1 », a) two skips having a carrying capacity 


of 10 t and a cage under the ore trolley having a capacity of 4 n? 
(10 t) with PTK type paracnutes; e) two cages under the trolley 
having a capacity of 10 t and a cage of an auxiliary lift with 

PIK type parachutes; f) two skips having a carrying capacity up to 
20 t and two double-deck cages under a trolley having a capacity 
of 10 t with PTK type parachutes, 


Using a symmetrical position for the lift vessels, the pile 
driver equipment is substantially simplified: the muaber of various 
brands of installed machines in a mine shaft, as well as the 
expenditure of materials can be reduced; the structures can be easily 
unitiged with repetition of unite. Furthermore, using symmetrical 
positions of lift vorsels, the rigidity of the machine and pile 
driver on the whole, other conditions being equal, will be maxzixun, 
and the location of the lift machines most compact. 
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The axial sizes of the machine by design can be obtained by 
moans of suwalng up the overall sires of the vessels in the clear, 
tne width of the trusses of the machine and the clearances. 

With a width of the trusses of the machine at 200-250 m, the 
tentative sizes of the machine by design in the axes of the uprights 
will amourt to 


2X D 0 {ay + (DO~ - GOD) 1B, + (500 — 600) am, 


where a; 6— the axial sizes of the machine by design; o; &— sides 
of the restangle, which describes the oontour of all lift vessels, 
located in a section of the mine shaft. 


A size of 500 mm corresponds to a small and average aise, a 
aize of 600 am — to average and large pile drivers. Upon the 
introduction of free buntons the sizes of the machine by design 
increase in one measurement by 250-400 ma. 


Buntone. The distance between the tiera of buntone usually 
constitutes 2-3 m with wooden ones and 2.5-4.1 m (frequently 3.0 m) 
with metallic rail guides. In a number of caaes the distance 
batween the tiers of buntons doubles with the corresponding 
reinforcement of the rail guides. 


Using a large quantity of buntons, a considerable part of which 
are the elements of the frsees or of the trusses of the aschine, 
tc 13 frequently very difficult to hold to the required clearances 
hecause of the following circumstances. 


The metallic design of the pile driver machine with ite 
specifications for tuntons carried out with a high degree of 
accuracy, can appear to be unsuiteble because of ineccuracies, 
tolerated during bracing and reinforcing of the mine shaft, and 
during the manufacture and installation of the metallic pile driver 
structures, in turn, can introduce deviations from the designed 
atzea. 
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One vhould also keep in mind the possibility of accuqulating 
errors for the sizes, and the neod fer correcting them within the 
limite of the pile driver machine. If the huntons are the elements 
of the aachine, with the bracing made final during manufacture, then 
all the subesaquent work for tne correction of the allowable 
inaccuracies, operation for the necessary subsequent mcvement of the 
bunton are quite difficult. In such casen i: is necevsary tc work 
under stressed conditions, following the installation of the structure, 
the cutting of the shelf buntons of the double-T beams, the renoval 
of the boams with installations of new profiies outsida the 
connections, and other laborious operations. Tho time involved In 
thio case, ie frequently very considerable. 


The reduction and removal of the enumerated difficultiu: is 
assured by weans of reducing the number of buntone by design and 
the creation of tt: posaibility of their free movement to a certain 
degree by design. 


Th» reduction in the number of buntons by design is attained 
by using one-sided bracing of the rail guides (Fig. 85b, and 97a). 
Undoubtedly, this solution should be connected with reinforeing the 
wine shaft. ‘The possibility of the movement of buntons by design 
is aseured by an appropriate deaign of the bracing of the bunton 
in the supports. Openings in the elemente of the aachine, which 
correspond to the openings on the supports of the bunton, should 
be bored during installation. Under plant operating conditions it 
1s poosible to provide temporary attachments for the bunton using 
two bolte in a normal position. In a number of cases the buntons 
can rest on the supporting part of the croes pieces of the machine 
and be bolted on ar welded to the elements of the cross pieces. 
With an increase in the height of the pile driver and the number of 
buntons in the section of the machine the question of assuming some 
displacement of the buntone should be given considerable attention. 
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Fig. 97. Diegrams for the selection 
of the distribution of natural buntons, 
which allow certain ehifte in the 
Plain. 


In general the following solution 1a recommended (Fig. 97a). If 
1, 2, 3, 4 — buntons, and AA'BB’ —- the outline of the pile driver 
machine, then the matching of tunton 1 with the outline BB’ of the 
machine is possible. The plane 33' of the machine in this instance 
should te installed with increased accuracy; the buntons 2, 3, 4 
after se check of their positions are established with the emall 
neceosary displacement of their supporting parts lengthwise to the 
crous pieces of the machine. 


It 1s also possible to use the free position of the buntons 
with the limite of the machine. In this instance (Fig. 97a) 1, 2, 
3, 4 - buntons, AA’, CO’ — the outline of the axes of the moachine. 
Thin diagram, very convenient for installation and replacement of 
reinforcing elements, leade, however, to a emall increase in 
expenditure of metal. 


Pigure 97b, shows the buntons 1, 2, 3, 4, 5 at another position 
of the lift vessels. With sufficient sizes of the machine it ia 
possiblo to set the free buntons 1, 3 and 5. With limited sizes 
of the machine, buntons 3 and 5 are combined with planes AB and A'S’ 
or bunton 1 with plane 8B’. It goes without saying thet in the 
last cases for planes, combined with the buntons, increased require- 
ments should be net during manufacture and instaliation. 
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Applied and potential sections of metallic buntone are given 
in Fig. 98. Section « has the least transverse eite, and section 6 
the most conventent for bracing to the junction plates of the machine. 
However, both sections have a number of deficiencies, which should 
pertain to low strength and stability during the combined action 
of bending ard torsion, and also during the combined action of 
bending in vertical and horizontal planen. Sections 24%. x and 
others are considerably more improved in the shown relationship, 
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Fig. 98. Sections of metallic buntons. 


ae 
a ee 
| 
a ay 


One ought to show that for mine pile drivers in most cases 
there is no need to use buntons of streanlined designs. This can 
ve explained by the fact that the supply of air passing into the 
shaft 18 predominantly through an underground duct, traveling past 


the pile driver. 


Loada on the buntona. Vertical loads on the buntons are 
varied and depend upon the type of parachute devices. 
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Using the POP type of parachutes and parachutes with 
Icngitudinalecutting prongs of catches with wooden rail guides, and 
alzo using RKB and REK rat] parachutes the loads which appear during 
the braking of the cage after it broke the 11ft rope, are absorbed 
by the rail guides and through them they are traneaitted by the 
buntens. The amount of load on the bunton depends upon the amount 
of braking forces and the quantity of buntons, distributed by this 
load. 


Apart from braking Corecs the bunton can also absorb a steady 
load Crom the weight of the plating and heat insulation of the pile 
Oriver, from ite weight of the bunton, rail guides and other elerenta. 


Using PTX and PKL type parachutes the braking forces are 
atsorbed by the brake ropes and are not transmitted to the buntons. 
In this instance the vertical load of the bunton is only a constant 
load from the weight of the plating, heat insulation, {ts om weight 
of the bunton, rail guides and so on. 


In most cases the vertical load is transaitted to the bunton 
eccentrically, causing, in this case the bending of the rod as well 
as twisting. The vertical loads of the rail guides and buntons 
during braking of the vessels are deterained in accordance with the 
data, presented in Chapter V. 


Tne vertical load, induced by the braking force, depends upon 
the length of the link of the rail guides and the distance between 
the tlers of the buntons. 


The traking force ie distributed to all buntons, to which one 
link of the rail guides ie attached. However, the presence of a 
well made and operating rail guidee on the compression and tension 
of the Joints insures the participation of a muaber of buntons, 
lozated along the length of even several links of the rail guides 
in this operation, <n this instance during practical calculationa 
ono asaumea that with the c.leulation of the pliability of the 
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joints, the load is distributed to the buntons of two links of 
rail guides. One ought to note, that in each concrete case o lond 
on the bunton can be specified by using the calculation of the 
rigidity of the puntonea and conductors and the type of joints of 
the latter. 


The horisonteal load on the buntone, dctermined ty pressure or 
by the rarefaction of air in the mine ehaft or in a pile driver, 
usually does mt exceed a value that corresponds to a pressure of 
hoo on H,0 (0.4 t/a’). This load is absorbed by the buntons, located 
on the outline of the azohine. A windy load can increase the 
horizontal loads on the buntons up to 0,5 t/n? of ite cargo area. 


A horigontal load on the buntons also appears during the braking 
of the lift vessele, equipped with various parachutes. Por the 
majority of contemporary parachutes the vibrations of the magnitude of 
of the braking force within limita up to 15% are inherent, which, 
however, is s high value for calculating the designs of the 
parachutes. It is possible, therefore to conditionally assume that 
the degree of change of forces in the rail guide, and also in the 
braking (or shock-proof) rope 1s equal to the smaller part of the 
above shown amount, which is equivalent to that amount assumed during 
braking using the difference in the forces in the brake ropes at 
a size, for example, of 2% of the overall vertical load (5Q.,). One 
ought to further propose the popsibility of a certain nisaliganent of 
the cage because of the large one-sided grooving of the wood or 
because of the one-sided pulling of the shock-proof rope. The 
arbitrary moment of the pair of so-called vertical forces with the 
arm of couple, equal to the mutual distance between the reil guides 
or between tne brake ropes can be, in this case, absorted only by 
the pair of the horizontally directed jet forces, app)ied to the 
shows of the cages and equal to 


Heal Gar 
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where 6— distance between the seizures of the parachutes by deaign; 
b — distance between the shoes or the rollers of the cage on a 
vertical Line. 


if we assume a value of % equal 0.5, then the horizontal force 
in the shor of tne cage, which appears during braking of the lift 
vessel, tontatively constitutes about 0.06 Qu» 


In general it 1s possible to distribute this horizontal load, 
which appears during the braking of the cage, between the buntons, 
depending on the spacing and rigidity of the buntone and the rigidity 
of the rail guides. It can be approximately cons:dered that tha 
load is distributed over two or three buntons. 


The above given approximate data about the dietribution of the 
vertical and horizontal loads on the buntons, which appear during 
braking, are entered in Tables 25 and 26. 


Amount of load on the 
buntons 


parachutes 


Table 25. 


Designation of the 
loads 
Remrke 


parachutes 
of the 
notched and 
PDP, RKE, 


REK types 


Vertical loads on the buntons 


Constant load (weight |Based on thd Based on the 
of the plating, insu- Jactual load | actual load 
lation, their 

intrinsic weight of 

the rail guides and of 

the buntons) 


Effect of the braking fy * Rasy 
cf the psrachutes . 


Table 25. (Cont'd). 


amount of load on the 
buntons 


Designation of the 
loads 


parachutes 


Remarks 


Horizontal loads on the buntons 


Pressure or the rare-|Based on Based on the 
faction of the air inithe actual jactual pres- 


the mine shaft pressure, uffeure, up to 
to 0.4 t/a"|o.& t/m? 


Windy load Based on Based on the 
the actual jactual load 
load 

Effect of the braking] #.009f, f~ 

of the cage (for the 

majority of lifts) 

uO Ok WIG 
The same, approxi- Hut 0, 8 20 008 Qa 


mately 


135 


Usually insignificant 
and can be excluded 
from the calculations 


& ~ d4fetance between 
the seizurea of the 
parachutes by design; 


hk — GQiatance between 
the claws of the 
cage on a vertical 
line; 

Cup — weight of the 
eage with one man; 


F. — the force of the 
braking of the cage. 


latle 26. 


Load on the bunton during the braking of the 
cage 


using parachutes of the 


Designation of notched and POP, RKE, using metallic 
the loads REK types rail guides and 
PTK parachutes 


using metal~ 
lic rail 
guides 

122.5 min 
length 


Cistance between the 
tiers of tuntons, mm 


Tne vertical load on 
une bunton during the 
braking of the cage 


Tne same, with the 
realization of the 
ealeulation Junctions 
ef the rail guides 
‘and with metallic 
rail guides of 25 a 
in length) 


The sane, with the 
intreduction of 
connections 


according to 
calculations 


according, 
to calcue 
lations 


POI—DOR Cray 


A tentative horizon- 
tai load on one 
punton during the 
uraaing of the cage 


Ratl guidee. Used most frequently are the wooden and metallic 
pall guides. For wooden rail guides one ought to use the wood from 
hard and relatively rot-resistant species, especially, larch and 
ouk. Ay an excoption, it is permiasible to wee pine. 
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On aections, where the specific strength of the rail guidos is 
necessary, for example, the unloadings landings of the lift vessels, 
local reinforcement of the rod of the rail guide is employed. On 
6uch sections the nonreinforced rail guidea are worn aut very 
rapidly and put out of order. In this case except for abrasion the 
cleaving of the wood, the fragments of the ribs of the rail guides, 
the failure of wood at the bolt openings and 60 on is observed here. 
The reinforcement, acting across the longitudinal axis of the rail 
guide, should be transmitted to tho metallic design of the local 
reinforcement with the aid of reliable etops, which oliminate the 
crumpling and cleaving of the wood of the external and interior 
ribs of the reil guide and bolts. The replacement of the rail 
Buidee in auch places should be eaay to do. 


The reinforcement of the rail guides amounts to the introduction 
of channel bare and other profiles in the individual sections. 


Ao metallic rail guidea one usually uses rails of type P38 and 
PSQ having a length of 12.5 and 25 m. The rail guides are fastened 
to the duntons with help of metallic clamps and bolts. 


Clearance between the guide shoes of the lift vessels and 
metallic rail guides is taken as 5 ma, but with wooden rail guides, 
10 mm on each side. 


Along with rigid rail guides rope guides are presently used. 
The motion of the lift vessels with rope guides occurs with a certain 
deviation in the vessels by design; therefore, between the lift 
vessels in the shaft stop ropes are usually installed, which prevent 
the possibility of oolliaion. 


The advantages of rope rail guides: the possibility of a 
deviation in the claws of the lift veseel from the rail guides, the 
decrease in resistance to the motion of the vessels, the possibility 
of rapid installation and replacement of rail guides are excluied. 
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The deficiencies - the considerable quantity of rope, the large 
clearancos and the enlarged sections of the shaft and pile driver 
machine, the need for the complete replacement of the rope in the 
presunce of a single local defect, the need for landing equipment 
for tracing the popes on the pile driver during coneiderable loads 
on the supporting structures, At one of the ore mine shafte with 
txo cage lifts using counterbalances, the number of rope guidea in 
the shaft constitutes 14 pes; furthermore, six stop ropes are set up, 
a1 of ther in the shaft section and the pile driver machine has 

20 ropes, In accordance with this 20 end bracings of the ropas are 
veovided on the pile driver. The latter are usually combined with 
sorew Jacks, equipped with gauged springs, which in the presence of 
control, approximately assures constant values of tension in the 
rcoxgs. Loads from the tension of ropes usually constitute l-2 t 
for every 105 m of length of rope. 


Planking and hermetic eealing of the sachine, the uindlase 
equipment, The pile driver mounting usually should be plated with 
continuoua or latticed planking. Continuous planking is used beyond 
the limits of the deokhouse bullding or inside the latter; one 
Installs the lattice planking inside the deckhouse building. As 
contincous planking for machines corrugated or flat metallic, and 
especially, sluminum, sheets are used (Pig. 99a, b, c), and sometimes 
corrugated asbofaner® and sectional ferroconcrete slabs. In 
separate exceptional cases the machine guard can be made of monolithic 
ferroeconcrete. 


In wooden pile drivers and in pile drivers with short period 
services, insta, led over the sharts with an outgoing ventilation 
Jet, planking is used, made from asbestos-cenent sheets or wooden 
planks. 


8franslator’s rote: The tera "asdofaner” cannot be found in 
availavle sources, but its two roots imply asbestos-veneer }. 
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a) 


Fig. 99. Planking and the hermetic seuling of a machine: a) the 
variations of planking of a machine using alupinium sheets; b) 
diagram of a pile driver machine with hermetic planking and wind- 
lasses; ¢) the union of the planking of the pile driver and of designs 
of a deckhouse building; 1 — aluminium sheet; 2 - auxiliary elunminiuns 
corners or bands, joined to shuct 1 by contact welding; 3 — braced 
aluniniun corner, joined to sheet 1 by contact welding; § -- braced 
steel corner stained in two layers of aluainium paint along the 
entire periueter of the section and joined with the aluminlum design 
by bolts; 5 - bolt; 6 ~ control opening; 7 - hermetic windlassee; 

8 = designs of deckhouse building adjacent to the machine. 


If heat insulation is necessary the planking of the pile driver 
machine is usually made from a mineral fiber or mineralized slabs, 
placed between two metallic, sheets especially aluainium, between 
the ferroconcrete sheete of the guard and the external planking 
unde from aluminium or lightened ferroconcrete slabs, between 
asbestos-cenent sheets, and so on. 
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For temporary structures with an exhaust air Jet, the use of 
poards having @ thickness of 50-100 mm, protected by asbestos-cement, 
cometines mctallic sheets, and others, worm planking. 


In the construction of capital maine shafts everyone to a greater 
degree uses warm planking for machines. Furthermore, in « nusber 
of cases they also produce supplemental heating of the inner space 
ef machines with the aid of heating devices. 


One should consider that the guards of the machines are in 
contact with the moist atmosphere, which is characterized (because 
of the small volume of the machine) by variable temperatures. 
During the replacement and repairs of ra‘l guidee the elemente of 
the guard are subjected to impact and various mechanical actions. 
Trerefore, the designs of the guard ehould differ by relative 
stability, which corresponds to severe conditions of operation over 
prolonged periods of tine. 


The duration of work in the construction of a pile driver 
(tneluding the inetallation of the mchine and of reinforcement, 
the revetsents of the machine to the deckhouse building) is of great 
significance when putting a mine shaft into operation. Therefore, 
when solecting this or another type of planking for the pile driver 
om ought to pay special attention to the simplicity of the 
equipment, to the possibility of procuring heavy panele or shields 
by means of specified orders, by rapidity of installation of the 
heavy parts of the planking. 


The hermetic sealing of the machine is attained by means of 
introducing compact metallic sheating or ferroconcrete in the seaus 
of the walls. 


Figure 99b, depicts a diagram of a metallic machine, which 
posdesses a continuous hermetic planking. The hermetic welded 
planking 19 made from sheets, reinforced with ribs, since larger 
consolidated sheets are aore convenient. At the intersections of 
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the lift ropes with the planking, gates are set up using rooden 
shielda, which are closely spaced near the ropes made of leather 
and other mterials. 


The decknousa dbuilding or a part of it should also he airproof; 
for the distribution of the trame beyond the limite of the deckhouse 
building looke should be set up. In thie instance airtightness of 
the machine at its unions with the elements of s deckhouse E-uilding 
should be provided which 1s attained by introducing matching corners ©1 
other profiles, built-in using anchors in ferroconcrete designs 
along the cutline of the abutting parts adjacent to the machine of 
the deckhouse building (Fig. 99c). 


The windlass in the pile driver machines - usually aetaliic ~ 
are recoil, 14ft and flap types. Used more frequently ere the 
recoil windlasses, which are most convenient as a safety device, 
interlinked with the lift. One ought to consider that with two 
single-cage lifts, the windlass they can be merely extended to the 
different sides. A hermetically sealed windlass should have a france, 
calculated for a lateral preseure up to 0.4 t/a, The thickness of 
the sheathing of the windlasses is 3 mm. The windlass is equipped 
with a snail door with a anal) control shich shuts the aperture, 
and which serves to equalize the pressures before opering the small 
door. When using this device on the windlasses, one should pay 
special attention to the density of the sheathing and the abutting 
of the double sections of the small door and windlasses to the 
sections of closed sheathing, where it 1s necessary to assure 
compactnees. Por this purpose one can apply a setting tubular 
rubber padding. 


Trueses and the frame of the machine. By deoign, a machine 


usually tas a right angled section, divided into several compartments 
depending on a quantity and position of the 14°t vessels. 
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In pile driver machines the elements of the machine sustain 
the considerable forces. Phe flat trusses, located on the perimeter 
of the machine, are symmetrically developed relative to the local 
sxes of rod designs. The following lattices of trusees are used! 
semidlagonal (Pig. 100a, b) which possesses the greatest number 
of jointa; croesbracing with additional cross places (Pig. 1000)... 
whioh represents e combination of the various seaidiagonal panels 
and which differ by a fewer number of joints in comparison with 
semidiagonal lattices; diagonal, (Pig. 1004) , which is characterized 
by relatively long paths of directional forces in the rods of the 
trusses; cross (Pig, 100e), which ia a combination of two diagonal 
latzicen. It 1s customary to assume that these or other angle 
bracus of a given lattice operate under tension, and the cross pieces, 


under compression. 
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Pig. 100. The lattices of machine trusses. 


In pile driver machines some, and especially diagonal lattices, 
have deficiencies. Pigure 100f, depicts a diagram of the lattice 
with cross picce-uprights, supporting simultaneously the function 
of buntons. ‘The cross pieces are inoluded in the composition of e@ 
truss as neccessary elements of the letter. The forces in these 
trusses subsequently pass through the angular braces and cross 
plece-buntons. The basic purpose of the t-insons — the fastening 
of the rigid rail guides. In a number of cases the forces of the 
braking of the vessels are transmitted from the rail guides to the 
buntons. [n this case the buntone undergo considerable loads. In 
individual cases of an emergency nature, the loads cen be 
concentrated on any vunton of a pile driver end these loads which 
erceed whe calculated loads by several times, as @ consequence, put 
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the cross piece-bunton out of order. Thus, local deformation of 

the bunton can lead to serious consequences. Therefore, the 
combination of functions of the bunton in one element and the required 
rod of the trues of the strueture should not be considered as a 
better solution (this observation does not refer to the positional 
free buntons at one level with the cross pieces of a truss). 


For the formation of machines one ought to uee trusees with 
a triangular-snaped lattice (Fig. 100J), cross-bracing with 
additional croas piece-up-ight (Fig. 100c), sometimes simple 
cross-bracing. 


The diagram of the lattice of ao frame machine is represented 
in Pig. 1001. Using a considerable length of the cross pioces of 
a machine and large loads, the partial utilization of semidiagonal 
is possible in separate panels with cross pieces, connected by 
Lightweight suspensions {Fig. 100k), and which relieve the light 
frane lattice from the action of the omergency loads of the buntons, 
also give it wider application. Frame lattices are usually used 
in pile drivers with the small values of traneverse forces on the 
aachine mounting. 


With wide mechines in the plane of the lift sometimes it ie 
expedient to use a freme-lattice design of the aachine. 


Buntons should not be included in the composition of the 
elements of the lattice of trusses of a machine, thereby insuring 
the installation and the dismantling of each bunton, individually. 
Tt {6 also necessary to create the possibility of subsequent 
correction of the position of the buntons by design which will 
Allow one to compensate for the possible deviations in ths actual 
sizes from the designed ones. 
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Given above, in fact are those designs for aachines of diagonal 
pile drivers, which in view of the small loads, ere mad: lighter 
anda 1n a number of cases, can be designed as franed. 


Frazee panele. At @ level of the landing for a machine (in the 
plane of the main trusses or transverse planes) frame panels are 
arranged, whuse sizes ave determined by the sizes of the trams and 
of the skips. The sizes of the apertures for the ekipe ere 
derermined by the geonetrical construction during their motion along 
the unloading curve. 


The sizes of the apertures for the haulage of the trams can 
also be determined by the overall sizes. The height of the aperture, 
based on the convenience for landing the people, is taken as not 
less than 2.2-2.5 m in the cleer, calculated Crom the level of 
the head of the raile of the landing to the cross piece of the 
nachine, which 1s limited by aperture. 


On the lower landing, where the lift vessels (cagea, ekips) 
enter through the apertures of the machine, the height of the 
apertures 1. determined by means of constructing overall size 
outlines of the vessels during their initial motion. Por the 
convenience of starting the motion of the cages it is expedient to 
assume that the height of the aperture ia somewhat greater than tha 
height of the cage which is especially iepertant for cages having 
@reat length. The uprights of the aachine, which do not limit the 
size of the aperture when only using a device of free buntons, do 
liait the drvelopment of the width of the apertures. 


Through the auxiliary shafte the descent of linear-shaped 
objects 1s made: timbers, rails and pipes. The site of the aperture 
of the machine in such cases ehould be verified in relation to the 
convenience of starting the motion of the linear-shaped objects 
during their descent. 
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The height of the aperture for the descent of the rails of a 
normal traok dependo upon the magnitude of the critical siee of the 
machine by design: with the size of the machine by design at 3-4 nm 
the necessary height of the aperture for inserting the rails of a 
norwal track comprises 6-8 m. Far the insertion of narrow-gauge 
raile and linear-shaped timber (length of &.5-8.8 m) the height of 
the aperture of the machine should be not lese than 5-5,.5 a. 


If one pute the auxiifary shaft into operation later than the 
main shaft, then the pile driver machine of the main shaft should 
have apertures, wiich insure the entry of objects of a length of 
not leeo than 8.8 m into the mine shaft. In this instance the 
height of the aperture of the machine in the clear at the depth of 
the compartment of 3-4 m, constitutes 5.0-5.5 m, and the corresponding 
full height of the frame panel of the pile driver is 6.5-7.0 n. 


The frame panels for the unloadings of skips, usually located 
in transverse planes, have a coaparatively small width, which 
exceeds by 2m in most cases the height of the panels within the 
limits of 6-12 n. 


In each concret2 case the sizes of the apertures should be 
taken along with the calculation of the technological requirements. 


The design of frame panels is shown in Fig. 101. Usually, the 
frame panel is made basically because of the reinforcement of the 
uprights within the limits of the frame and neighboring panels, 
meeting the need of whatever arises in the equipment of eepecially 
rigid cross pieces; the rigidity of the cross piece is secured 
because of the attachment of the rods of the adjacent panels of a 
truss to the reinforced bars of the machine. 


The ekip frame panele of the pile driver machine, located 
ot a height which corresponds to the position of unloading the skip 
bunkers, constitutes the part of the unloading skip equipment, the 
basis of which are the unloading cantilevers, composed of cantilever 
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spusoes of the machine ard the transverse joints, located in planes 
passing through the external rods of the cantilever trusses. 


a) 
Pi. a Pig. 101. Prame panels 
igre of a machine: a) with a 
t ef lattice of the maohine; b) 
a with a frame of the 
: machine. 
opie 


Setaohable panels. To avoid considerable sires of fraxe panels 
of a pilo driver machine sometimes so-called detachable elements 
of machine are used. In these cases a large frame panel is usually 
separated by the height into two parte. The upper part is filled 
with braces and crops pleces, fixed to the gain junction plate with 
the heip of bolts. 


Tarough the frame panel the haulage and supply of items of 
limited lencth 1a dono. With the entry of lift vessels into the 
machine, amt also upon an entry undersice linear-shaped items the 
worn of @ lift device stops, and the rode, f11l the upper panel are 
romoved ond react, when the necessity for which an increase in the 
height of the aperture diminishes. The extensive use of detachable 
panels 1s not recommended because once the cross pieces and braces are 
removed, in practice they sre not always installed in a place when 
there 1s less need for an increased aperture, and the frame panel 
should have the minimum required height. ‘The elements of the frane 
should bo rather rigid; in a special case, the reduction in the 


146 


magnitude of the bending momente in the uprights of the frame can 
be achieved because of the rigid closing of the uprights of the 
frame at their base. Thie method Js more reliable than the 
utilleation of detachable panele. 


A pile driver should be checked out under all acting forces 
based on the assumption that there is an actual frame panel, the 
height of which should be taken in accordance with the given indica- 
tions. . 


Where the machine is partly the designs of the construction, 
supporting considerable loads, that whioh ie proposed for detachable 
panels has especial value pile driver machines. The inorease in the 
height of the frame panel of the machine, whose stability assures 
the bracing of the elenents of the pile driver, has comparatively 
little effeot on the amount of reinforcement and on the sections of 
the elements of the machine. fhe absolute sizes of the sections of 
the rods under similar conditions are emall, and that is why tho 
height of the frame pane] can also be accepted as practically any 
quantity. 


Undercatch beams and aupporting framea of the machine. The 
uprights of the machine are usually installed on the underside 
pile driver beams, which are comected to one general supporting 
frame (Pig. 102). 


When selecting the diagrams of the location of underside pile 
driver beams, one ought to consider the diagram of the pile driver 
and the condition of the support of tle support of the beans. With 
rigid junctions of the uprights of a machine with the underside 
pile driver beams and with the appearance in thie instance of the 
Joint bending momento, it is expedient to install undorside pile 
driver beams parallel to the plane of the main frame of the pile 
driver. With a hinged support for the upright of the machine such 
a@ position for the beams is not required. It follows, however, to 
take into account, that the hinges, using conventional riveting, 
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posseas considerable rigidity which also leads to the appearance 

of bending moments in the supporting joints of the uprighte. Thus, 
also in this instance, it 1s advisable to locate the underside file 
urtver beams parallel to the plane of the msin frame of the pile 
driver. 


“Fig. 102, ‘The supporting 
frames of the pile drivers. 


Using the support underside pile driver beams on separately 
standing foundations, it 1s quite important to take measures for 
the maximum reduction of the span of the beans. In this instance 
the transverse position of the underside pile driver beams ie most 
expedient, if sufficiont stability of the beams 1s provided for. 


When selecting the meana for positioning the underside pile 
darivor teams the direction of the haulage, the presence of the 


ttops at a level lower than the landing, and aleo the sizes of the 
tranaverse section of the mouth of the wine shaft have great value. 
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With the most extensively used haulage at mines, normal to 
the plane of the lift (Pig. 1020), the undereide pile driver 
beaus are usually parallel to the planes of the lift, f.e., they 
are found in the planes of the main trusses or frames of the pile 
driver. Using the stops on a lower landing the understop beans 
are frequently combined with the underside pile driver beams, 


With haulage parallel to the plane of the lift, and with a 
transverse position of the underside pile driver beams a combination 
of underside pile driver and understop beams is also possible. 
Sometises, with the same haulage and favorable outlines of the 
collar a scheme with the location of the underside pile driver 
beams in the planes of the main trusses of the pile driver along 
with tranaverse understop beams, ie used. The scheme is also 
entirely applicable with the absence of stops on the lower landing. 


Vith haulage normal to the plane of the lift in certain cases 
the scheme in Fig. 102b, is used along with a transverse position 
of the underaide pile driver beams and longitudinal underetop bear. 


The sections of the understop beams, combined with the underside 
pile driver beams are given in Fig. 103. Inasruch as the understop 
beans undergo large dynamic loads from the landing of the cages, 
the utilization of welded designs is allowed with good shock 
absorbers under the stops, whereby wooden bare, are used, located 
atove the understop beans. 


With an installation of separata understop beams, not connected 
to other designs for which a place ia made on the upper landings, 
sections are used, composed predominantly of channel bars based 
on the typs of section, shom in Fig. 103b,. but in a welded 
finished piece, the sections are based on those in Fig. 103d, and 
others. 
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Fig. 103. Sections of the 
understop beama, combined with 
the underside pile driver 
beams: a), b) riveted; c), 4), 
e) welded. 


The eupport of ptle drivers. The forces in the rods of pile 
drivers are transmitted to the supports predominantly through the 
bracing and underside pile driver beams, supporting the machine. 


With the location of the underside pile driver beams parallel 
to the axis of the lift, used for the cage of the pile drivers with 
haulage perpendicular to the main truss or frame of the pile driver, 
the underside pile driver beans are also simultaneously understop 
beams. With hausage parallel to the plane of the lift,. the underside 
elle driver beams are frequently perpendioular to the plene of the 
lift and are aleo simultaneously the understop beams. In all cases 
the trend is towards the largest possible reduction in the spans of 
the beams. 


The underside pile driver beams should possess a high degree 
of rigidity. The sag of the metallic beams should not exceed 
1/600 of the span, the height of the beams of pile driver machines 
constitutes 1/6-1/8 of the span; moreover the underside pile driver 
beans are conveniently arranged in euch 4 way that the displacements 
of the top «cf the pile driver with sag of the beaas would be the 
least. Specifically, the supporting joints of the beam is 
conveniently located symmetrically relative to the machine. 
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Underside pile driver beeus of diagonal pile drivers, «hich 
have lighter machines and which undergo action of lesser loads, 
are made somewhat smaller in sive and weight. If a diagonal pile 
driver has only a transverse frame machine, then the improved 
lower croea piece of the latter can simultaneously serve also as & 
underside pile driver beam. 


The top of the underside pile driver teens are located lower 
than the top of the collar by 0.8-2.0 a in the cage pile drivers 
by 0.2-0.4 min skip pile drivers. 


Usually, the machine rest, the underside pile driver beams, 
and the bracing on the separately standing foundations. In individual 
oases the machinee of the pile drivers rest on special foundations, 
located at a oertain distance from the outer contours of the 
shoring of the mouth of the mine shaft. Such a solution is necessary, 
if there 1s danger of a rock fall during the driving of the mine 
shaft, with rigid ferroconerete pile drivers and with the inadeiasi- 
bility of the sage of the machines; with larger, unique loads and 
in other cases. 


One ought to take into account that the support of the machine 
on special foundations is undesirable in connection with the need 
for substantially ooving the machine or machine frame on the 
foundations. FPurtherwere, ip a mine shaft a large number of verious 
devices, foundations and ducte are located which impose a severe 
limitation on the spacings based on the size of the landings 
adjacent to the mine shaft. Therefore, the placing of the epecial 
foundations of a machine or of a machine frame creates @ nunber of 
additional difficulties. 


With A-fraae pile drivers, the foundations of the latter are 


soparated from the shoring of shafts, and the machines, as a rule, 
are suspended from the elements of the pile drivers. 
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In the iron-ore industry one additional solution is also used, 
the essence of xhich consists of the unitizi.g of the shoring of 
the shaft, the foundations of the pile driver and the foundations 
of the deckhouse building into an entity with the location of all 
ehewn construction on a general ferraconcrete foundation slab. In 
this way, 2m ont hand, the simplicity of the construction work is 
assured, and on the other, a relatively low actual pressure on the 
cround under the foundation, {3 assured. From this point of view 
ef a guarantee against possible sediment of the pile driver machine 
tee doscribed solution 1s acceptable because the presence of even 
sisniffeant rock falls during the driving of mine shaft appears to 
be slight just as for settlement, but there is an increase in the 
actual ground pressure under the foundation slab, the overall 
acasurenents of which are quite considerable. 


Booms. In order to insure stability of the booms in the planes 
of the main frames of the pile driver, in a number of cases joints 
are uzed between the booa and the machine, installed in order to 
reduce the length of the booms of pile driver machine. 


In transverse planes various basic schemes of booms are used. 
For pile drivers the transverse stability of which is assured by 
sufficient rigidity of the machine of a small height (not exceedingly 
20-25 m) or by other means, the boom has the simplest rectangular 
form (Pig. 10%a). Prequently, a boom of the machine and diagonal 
rigid plle drivers has a trapeziform form (Fig. 10%b). The 
width of the boom at its top ie equal to the width of the pile 
driver machine, and at the base it is equal to the value 3B, specified 
from the condition of providing transverse stability of the 
construction. A check of the stability is produced under the 
assumption of an inversion of a pile driver relative to axes 1-1 and 
c-2) (Sig. lode). 


1$2 


a) 


4) 


Fig. 104, Diagrams of the trusses of the booms; a) with parallel 
straps or a corresponding frame; b) trapeziform (the boom of the 
diagonal pile driver is shown by a dotted line); c) diagram for 
checking the pile driver by inversion; d) member of the boom along 
the axis of symmetry; e) with perallel straps in the upper part and 
with span uprighte of straps at the base; f) booms of the pile 
arivere of small and average height. 


Allowing for loads of its own weights, which acsure the stability 
of the construction taking inte account the enchors, with a coeffi- 
clent of 0.9-0.6, 1t is possible to make a calculation of the 
stability from the method of calculating tha limiting states, In 
this case, the moment which turns the construction over, determined 
“ith the advent of the coefficients of overload, should he somewhat 
lese than the retaining moment, determined in accordance with the 
recommendations, given above. 


The selection of the value of the span of the boom B is usually 
mada based on the equalities calculated according to normative 
loads of overturning and retaining moments since one assumes the 
retaining moment as a coefficient of C.95. 
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The apan of a boom at ita base & conatitutea 0.3-0.35 of the 
height of the pile driver. Thua, even at the average height of the 
pile driver of 4) m, the width of the doom may be, for example, equal 
to 12-14 m «hich characterizes this part of tha pile driver as an 
immobile transporting, unit. With the partitioning of the boom along 
the axis of symmetry (Fig. 104d) and with a corresponding division 
lengthwise, the width of the starting mark is shortened two times. 
llowever, oven in this Instance, the sizes of the semitruss of 
the beam, as e rule, exceed the permissible overall sice from the 
conditions of railroad transportation. This circumstance frequently 
creates the need to transport the boom from the plent to the 
assembly place for dismantling the kinds of elements. 


Under the condition of disconnecting tha boom in the plane of 
she main frame of the pile driver, for the average height a boom 
with parallel straps around the upper part and with the span of the 
uprights at the base, lower than section 3 (Fig. 104e) is convenient — 
the joint of the cantilever with connections in the plane of the 
main frame. 


For pile drivers of small and average height boome basedoon 
the type show in Fig. 104f, can elso be used. The straps of this 
boom are parallel over the entire length and are located at a 
distance equal to the width of the machine. Ina lower part the 
boom is provided with a bracing strap 4, which together with the 
lower strap 5, forms a simple rigid truss, which transaits forces 
to the supports. 


The bracing strap & can be easily separated from the boop 
during transpert; therefore such a boom is convenient to manufacture 
and transport. The structural lattices of thie type can be 
expediently employed rather eatensively in the traneverse plane of 
the pile driver machine. 
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For the pile drivers of great height it 15 expedJent to segment 
the upright etraps of the height, form lattice rafter of the boon 
1 (Pig. 105a). Pointe A, 6, 8 represent hero the throe supports 
of the pile driver. This diagram wae recently used for 2everal mine 
pile drivers having a height of wore than 50 m. A certain modifi- 
cation of that deseribed above, for the diagram of the boom 16 
presented in Pig. 105t. For high pile drivers the utilieation of 
tension, which assures th¢ stability of the pile driver in a 
traneverse direction is expedient. In this instance the boom can 
be plane with the parallel atraps (Pig. 105d). All diagrams of 
booms, ahown in Fig. 105, are especially expedient for high machines 
and diagonal pile drivera. 


AN 
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Pig. 105. Diagrams of booms of high 
Plle drivers. 


Using the aost popular solutions of booms of average and high 
pile drivers according to height booms are frequently enployed 
(Pig. 106a), . which are installed horigontally, 1.e., normally to 
the machine (position 1), normally to the boom (position 2) and at an 
acute angle to the boom (position 3). In the joint 4 of the 
intersection of the bracing with the boom a vertical force P, 
consisting of about §0% of the weight of boow is applied. 


By breaking down force P into a number of components 1 and I, 
2. and Ir, 3 4nd III (Pig. 106d), it 1s easy to establish that 
vectors 41, A2, 42 are close in value, the apans of the struts, 
1, 2, 3 are also equsl. Thus, the distinctions in the soltions 
of angle braces consist predominantly of the different actions on 
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the plie driver machine ard coom. Bracing 1, and to a lesser degree, 
bracing 2, are used near the center of the machine and small pressure 
forces appear at the center. fracing 2 hardiy cavees a bend in the 
macnine and assures the greatest rigidity af boom and the absence 

of any kind of displacement of point A in direction 2 during the 
deformation of the boon. 
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Fig. 106. Bracings of the boom: a}, b) the diagram of the forces in 
the bracings and straps of the boom with different positions of the 
struts; c) boom with parallel etraps of upper part and broadening at 
the base of the boom; d) the uprights of the boon; e), f) ciagram of 
the bocm crosswise; g) the span of the auxiliary uprights of the 
toon at the bases; 1 — horizontal bracing; 2 — bracing, eet normal 
to the boom; 3 - bracing, set ut a certain angle to the boom; 4 —- 
auxiliary upright; 5 — bracing; 6 - a joint. 


with a decrease in the rigidity of the machine the recommendation 

Riven here takes on considerable eignificance. With high and 
lightweight machines in e nuuber of cases it is expedient to make 

a chock on magnitude of transverse displacenents of point 4 in the 
diractions 1 and 3, and to determine the corresponding values of 
forses; bracing 2 or bracing 3 cluse to thea are recommended. It 

lye not necessary to give specific attention to the oxpenditure of 
material for the manufacture of bracing 2 and 3, themselves. The 
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absolute values of the forces in these rods and the expenditure of 
material for them are small (the sections of the rods are determined 
according to flexibility). 


Prequently, a boom is made with parallel straps in its uppor 
part up to point 4, t.e., up to the cantilever of this or another 
bracing (Fig. 106¢). ‘he formation of joints of type Al and 4? 
ia possible and convenient, namely in the presence of bracings, 
lying in the plane of the main trues of the pile driver and directed 
towards point 4A. 


The utilisation of the auxiliary supporte (upright) of the 
bracings merits attention, the length and section which hardly differ 
from the length and section of the bracings. Thus, Pig. 1064 shows 
uprights 4, setup instead of bracing 5. The uprights are laid sut 
crosswise at a base (Fig. 106g); and together with the grating they 
represent a trapeziform flat truss. ‘The latter sustains the vertical 
loads of the boom and insures the work of boom in the main plane as 
= double-span beam. In a transverse the presence of truss 4 ‘s 
equivalent to the oreation of additional connections 6 near the 
center of the boom (Fig. 106f). With relatively small investnente 
of material on truss & its presence inaures the completion of the 
toom as a truse or of frame with parallel straps, with uniform 
panels and joints. Such booms work well for all types of basic 
loads, ‘hus, the basio pressure forces produce a monotonic 
spans by the support. Under the indicated conditions the weight of 
the boos is comparatively small, and the conditions of manufacture, 
transport and {netallation of the boca differ by having the greatest 
conveniences. 


The introduction of auxiliary supports of the boom creates the 
possibility of utilieing the booms with parallel straps for all 
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average and some large pile drivers. Depending on transverse 
sizes and sections of the elements of the machine the utilization 
of the flat bracing with uprights fe possible in a number of oases 
for plle drivers with a height up to 40-50 ». The boone with 
paralle] straps and intermediate transverse frames (auxiliary 
suprperte) elmplifiea the task of the typificetion of deckhouce 
plle drivers. 


The booms of pile driver machines have coapsrativaly amall 
sections in the plane of a main frame of the cection. Their 
nvanility 18 secured by the bracing, directed fron the machine. On 
Lie other hand, at the cantilever site towards the head of the 
pile driver it is difficult to develop a doom in the plane of the 
lift. 


For the transmission of loads from the pulleys to the boon 
udually improved under pulley trusses are developed to the horizontal. 
‘nis daes not pertain to booms of pile drivers of the diagonal 
vystem, the section of the straps of which are reinforced with an 
inerease in a load and length, respectively, ani whose branches are 
epreadout. 


The span of the branches of the boom in the plane of the main 
frame of a diagonal plle driver also assures a more convenient 
Aupport of the underpulley trusses, and the section of the straps of 
boone tn thls inscance can be made in the shape of a crosa or a tee 
fron the two corners (Fig. 107a). In necessary cases it is 
po.eible to form 6 section of the strap from channel bars (Fig. 107b). 
Por frame beoms @ section of the strap made from channe) bars, 
set perpendicularly (Fig. 107¢) is applicable, and for small 
pile drivers straps made from single corners (Fig. 1074). 


The keads of ptle drivers. Underpulley trusses, Underpulley 
trusses sustain very considerable forces, which should be transmitted 
to the supporty of the trusses, to the transverse beams of the 


Fulley landing and to the boos of the pile driver by the shortest 
pati, 
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Fig. 107. Secttone of simple booms of dia- 
gonal pile drivers, 


The diagrams of the lattices of underpulley trusses are given 
in Fig. 1¢8, 


), 
08. ‘The diagrams cf the lattices of undorpulley trusses: : a), 
ae ed. da), @), Pa trusses of pile driver machine; g) and — trusses 
of diagonal pile drivers. 


159 


Figures 109 and 110 shows very simple underpulley trusses of 
the pile driver machines. 


Pig. 109. Underpulley truss of a mine pile 
driver wachine, which support pulleys 5 a 
in diameter. 


Pig. 110. Underpulley truss of a mine 
pile driver machine with pulleys 3 m in 
diameter. 
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The stability of underpulley trusses ie assured by the 
transverse connections in the planes of the outer uprights, also 
installed in a nusber of cases in the planes of the intermediate 
elexents of the lattice of the trusses. The transverse conrections 
are more frequently arranged in vertical planes, and In a »umber of 
cases, also ir, inclined planes. 


Horizontal lattice connections are usually installed at a 
level of the lower and upper straps of the trusses. In the plane 
of the upper straps of trusses in mcat cases, @ rigid diaphram is 
created composed of straps of trusses, with auxiliary rode and solid 
metallic sheet flooring, spread within the oonfines of the entire 
landing, with the exception of breaks for the pulley devices. 
Horizontal connections usually extend to the planes of the min 
trusses or frames of the pile driver and are fastened to the elenents 
of the latter, located at a level of the upper and lower straps of 
unde,pulley trusses. 


The vertical transverse connections can be combined with the 
designs of transverse trusses. In this instance the elenents of the 
transverse trusses are simultaneously vertical comnections. Pigure 
111 gives a presentation of the simple transverse trusses. 


With double-deck pulleys, the transverse trusses in the plane 
of the boom and in the plane of the machine are more complex. In 
connection with the intersection of the booms of an overall size of 
the lower pulley by a plane in the design, of the boom one usually 
introduces a portal, formed by the rigid frames (Fig. llic, e) or 
by atruss (Pig. 1114), The first solution 16 predominantly used 
at moderate loads. The method in Pig. llle, is expedient at 
limited sizes. The utilization of the trusses (Pig. 111d) is the 
most extensively used solution, which insures the least expenditure 
of aetal. 
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Pig. 111. The diegrame of transverse 
trusses of an underpulley landing: a) 
bd) with the location of the pulleys at 
one level; c), @) with the location of 
the pulleys in one vertical plane; the 
portals are formed by rigid frames; 4) 
with the location of the pulleys in 
one vertioal plane; the portal is 
formed by the truss. 


The bearings of the pulleys are centrally located relative to 
the underpulley trusses; therefore, the dietance between the 
underpulley trusses are equal to the distance between the centers 
of the bearings. If several pulleys are placed on the underpulley 
landing then the following diagrams of positioning the underpulley 
trusses are possible. 


Thus, Pigure 112a, illuetrates a diagram of the location (by 
design) of underpulley trusses using a device of two parallel 
pulleys on the landing, the axes of which lie on one straight line 
perpendicular to the plane of the lift. Por a device using two 
pulleys based on the specified diagram it is necessary to have four 
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underpulley trusses, which support the loads fram pulleys, 
tranemittable through the bearings. Each of the trusses takes, 
in this instance, a ivad from one bearing, and the resultant force 
in the lift rope is distributed to two underpulley trusses. 


Fig. 112. Some schemes of underpulley 
landings: a) two parallel pulleys, the axes 
of which lies on one of the lines, perpen- 
dicular to the plane of lift; b) using two 
bearings of various pulleys on a central 
underpulley truss; 3} a variant of the 
location of the underpulley trusses; 1 - 
truss with spread chords (subvariant). 


With a certain movement of one pulley along the horizontal in 
the plane of the lift (Pig. 112b,) the number of underpulley trusses 
can be reduced by means of using the central underpulley truss for 
the device having two bearings of various pulleys. 


In Fig. 1120, one of the three pulleys ie moved in its plane 
lengthwise along the landing, because one of the underpulley trusses 
has been shortened, In this inetance, just as according to diagran 
b, the distance between the axes of the underpulley trusses is equal 
to a distance between the pulleys. 


Sometimes based on the conditions of the location of lift 


veeselo, the diagrams, presented in Fig. ll2c, require an excessive 
6pacing of the middle trusees. In this instance the utilization of 
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the diagram, shown in Pig. ll2c, 1e possible but the distance between 
the bearings of the pulleya and between the axes of the middle 
trusses in this instance are not equal; then one designs the 

central truss with the spread of the elements of the chord and 
gratings which however, results in the emergence of torsion of the 
trusa chord and 40 on. 


The designs of the underpulley landing should resiet the action 
of a dynamic load suitably, possess a high degree of rigidity and 
stability. The structure, to which the pulleya are installed, should 
prevent the rapid run of the pulleys from alignment and should be of 
identical rigidity. Therefore, the calculations of the sags of the 
trusses with the further thorough checking of the possible displace- - 
mentc of the axes of the pulleys in the bearings in other cases 
should be performed. As a rule, one ought to avoid using such schemes. 


The solutions of the underpulley landings are modified depending 
on a system, the material and the design of the pile driver, location 
and the sizes of the pulleys. A number of other features of a lift 
and of applied achemes also, to a considerable degree, can have a 
bearing on a golution of underpulley landings. 


In the given examples underpulley landings are described, based 
exclusively upon the utilization of pivotal underpulley trusces. 
Thies sclution is basic and always expedient in view of the large 
concentrated loads and their fully definite and constant position . 
in space. In this way, the external loadr can always be concentrated 
in the Joints of the underpulley trusses and transmitted to the 
supports of the latter by the shortest way. 


In practice one Cinds cases of using underpulley beams of a 
cent(nucus eection, which are widely used at underpulley landings 
with wooden structures and with ferroconcrete underpulley landings. 
The metallic underpulley beams of a continuous section are used in 
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the metallio frame pile drivers, “hich possess 4 emall nunber uf 
rods with developed cross pieces of continous section, uprights of 
frames and underpulley beans. 


The beans of continuous section are usually alsc used in sinking 
pile drivers. 


Heads of large ptle driver machinee and epectal solutions of 
underpulley Uandinge. Described above were the solutions of 
underpulley landings for the pulleys of approximately identical 
diameter. In a number of cases combinations of the pulleys of 
various diameters ure possible. So, for erample, one of two lifts 
can be equipped with heavy pulleys, differing sharply in the sizes 
from the two other pulleys. 


In this instance the resultant forces in the cables of the large 
pulleys considerably exceeds the magnitude resultant forces of the 
cables of the emall pulleys and is passed outside the boom (Pig. 113) 
which results in the emergence of considerable forces in the elenents 
of a head and in the pile driver machine. Purthermore, the underpulles 
trusses are relatively complex, the load from the large pulleys is 
applied in the least profitable way, and the paths of the main forces 
are not uniflow to a cufficient degree. 


| N ! \N 
Pig. 113. The schemes of the head of a Pile driver during rift, 


equipped with pulleys of various diaweters: a) the boom is directed 


sliennc outer pulleys; b) the boom in directed towards the large 
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With the direotion of the boom into the center of the large 
pulley, the head of the pile driver acquires a more rational profile 
(Pig. 113b). In this instance the 4ireotion of the boom coincides 
with the direetton of the greatest resultant forces of cables, 
because of the considerably reduced forces in the elements of the 
trueses of the head. In the elements of the pile driver machine with 
this solution considerably less forcee appear, ae a result of which 
the weight of a pile driver is somewhat shortened. 


An exaaple of the head of the pile driver with different pulleys 
2% given here not for the proof of tha speoial adventeges of scheme b, 
tut for the distribution of conclusions to the solutions of the head 
of many pile driver machines. One ought only to have in mind that 
In a number of cases special combinations of pulleys are possible, 
oapecially, with various diameters. In other such and particular 
cases as well it is frequently expedient to introduce definite changes 
in the usual schemes of the head of pile drivers. 


Single-lift and double-lift pile driver machines of considerable 
heigh=, which support pulleys of even the largest diameters usually 
differ little from the above described pile driver machines of less 
height, which support pulleys of average sizes. It goes without 
saying that in the selection of the sections of elements of the 
trusses of those or any other pile drivers the magnitude of forces 
are considered, in accordance with what sections of the elenents 
arc assigned, and what single or double branches of the grating of 
the trusses and so on, are taken. In thia oase, however, the schemes 
of underpulley landings can remain practically constant because 
their selection depends mainly upcn the number of pulleys and their 
location in epace. 


With a eubstantial increase in the number of pulleys of the 
head of pile driver machines specific outlines are taken. The heads 
of large mine pile drivers support up to ten pulleys having a 
diameter cf 5-6 m. The height of such a head 1s approximately equal 
to 
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(0+ 1)a, 


where 0 — the Giameter of the pulley, a; m ~ the nunber of tiers of 
underpulley landing. 


Thus, the height of a head with pulleys having a diameter of 
5-6 a constitutes: with 3 tiers - up to 18-20 m, with 4 — up to 
24-28 m, with 5 — up to 30-35 m, with 6 —up to 35-40 n. 


The largest spans of underpulley trusses of the heat attain 
15 ma with the length of the trusses up to 20 a. 


The described heade of the pile drivers are heavily loaded 
construction. Based on the character of the grating of the trusees 
and on the general overall eizese of the head, the latter can be 
properly compared with triangular-hipped pile drivers, the solution 
of which 1a substantially complicated by the presence of numerous 
joints, underpulley and traneverse trusses, penetrating the head 
at various levela. If we take into account that the epane of a 
number of underpulley trusses are considerable, then with the 
calculation of the heavy loads of this part of the pile driver, the 
expenditure of metal, neceseary for the manufacture of the head of a 
pile driver and the entire construction, will be very high. The 
weight of the large pile driver mechines with multiple-level heade 
attaines 300-400 t. 


Given below ia a brief description of a four-level head of 4 
pile driver aachine, supporting 5-meter guide pulleys. Pigure 114 
shows the main truss of a head and the front trues, and in Fig. 115 - 
@ boom frame and a diagram of the underpuliey trusses on all four 
tiere of the head of the pile driver. Figure 114 showe the moin truss 
of a head and the front trues, and in Fig. 115 ~ a boom frame and 
@ diagram of the underpulley trusses on all four tiers of the head 
of the piledrivers. 
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Fig. 114. The head of « large pile driver machine: a) front truse; 


b) main truse, 
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Fig. 115. The boom frame (jib) of the head 
of a large pile driver machine; a) boon 
frame; b) schemes of the underpulley trusses, 
set at various levels of the head. 


The sections of the rods 1, 2, 3 are presented as No. 45 double-T; 
30; 20; rods § and 5 — paired channel bars No. 20 and 16; the section 
of a rod 6 — by channel bar No. 16, and rod 7 — by two channel bare, 
Ho. 18. Rods 8-10 are composed of paired angles 200 « 18; 200 = 16 
and T§0 = 12; rods 12-20 — paired angles 120 = 10; 100 * 10; 100 «= 
= 8; 150 = 16; 150 « 12$ 120 = 10; 100 * 10; 100 « 8; 75 « 8 and 75 * 
= 8; rods 21-24 - angles 100 = 8; 120 * 30; 75 = 8 and 65 = 6; rods 
25-27 — paired angles 65 = 6; 150 = 16 and 100 x 75 * 4. Finally, 
rods 26-31 (welded double-T sections) with straps and walls made from 
sheets 500 * 20 and 660 = 12; 500 » 30 and 880 = 20; 509 « 20 and 
760 * 20; 500 = 16 and 760 « 16. 
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The heads of diagonal ptle drivere. The equipment of the head 
ot a diagonal pile driver is shown in Figs. 116 and 117. The 
underpulley truss of tne diagonal pile driver in this instance is 
characterized by 4@ small span and by the central application of the 
load; the supporting reactions of the truss are close based on 
value. Horizontal an inclined junction plates are furnished on the 
Supporting sheets of the truss for bracing in the joint of the 
connectians on the lower chords of the underpulley trusses and 
Inclined connections. A horizontal sheet is provided on the upper 
chord of the truse and supporting planks for the bracing of the 
bearing. 


Fig. 116. Underpulley truss of a diagonal pile driver. 
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Fig. 117, The trans- 
verse frame of the head 
of the diagonal pile 
driver. 


The solution of the transverse trussen of the head of the 
diagonal pile drivers is eimiler to the earlier described designs. 
The underpulley trusses are inetalled to the transvorse truss or 
portal frame (Fig. 117), of the overlapping pulley on thn lower 
underpulley landing. Underpulley trusses both when using the pulleys 
on one or two or several underpulley landings are anslogous, have 
identical spans, sizes and sections and can easily be unified. ‘The 
magnitude of the spane of underpulley trusses 18 ema)l and it 
correspends to the reach of the branches: of the boon. 
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One chould strive for the supporting reactions of every 
underpaljJey truss to be as close as possible to the magnitude, which 
«lll approximately guarantee the equal forces of compression of the 
branches of the bnoa and the uniform sections of the straps of the 
latter. 
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3. Metallic Pile Drivers 


Figure 118 showe a diagram of standard skip pile drivers having 
heights of 34 and 46 m, used in the coal industry. The levels of the 
receiving funnels of these pile drivers are equal to 20 and j2 m. The 
pile drivers - single-hoisting, on an underpully landing are installed 
at one level for two pulleys 4 or 5 m in diameter. The section of the 
pile driver machine in a plane in the axes of the uprights is equal 
to 3.2 = 4.5 or 3.2 x 4.7m. The height of the panels of the machine 
is 3m. The section of the uprighte of a machine - a cross made fron 
the two corners 120 = 120 am. The section of the boom - welded 
double-T 600 mm in height, the width of belts, 350 mm. Weight indexes 
are presented by curves 3 and 4 in Fig. 70. 


Fig. 118. The dsagram of the standard 
single-hoisting coal shaft skip pile 
drivers 3% and 46 a in height. 


Figure 119 shows the diagram of the standard coal shaft cage pile 
driver. The pile driver carries two guide pulleys of one double cage 
lift. The lift vessels - overturning cages. 
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Pig. 119. The diagran of the standard ooal 
shaft single-hoisting cage pile driver of 
29.5 a in altitude. 


The diagrae of the mine skip-cage pile driver machine 13 given 
in Fig. 120. Upper pulleys are located at a height of 67.2 = above 
the level of the collar of the shaft. A pile driver carries six 
guide pulleys § m in diameter. The pulleys of the upper landing 
sustain the loade of the two-skip lift, the remaining pulleys carry 
che loads of two lifts from two doubledeck cages and two counter- 
balances. The breaking force of the skip rope of this pile driver 
is equal to 279 t, the cage rope ~ 194 t, the working forces are 
equal to 31 and 19 t respectively. The pile driver is equipped 
«ith cable parachutes [PTK] (NTH). The load with the braking cage 
constitutes about 80 t. The weight of the given pile driver without 
planking is equal to 313 t, which can be explained by the presence 
of three lifts, by the great height of the pile driver and by the 
{ncreased aria of the section of the machine by design. 


Pigure 121 shows a cage double-lift mine pile driver 58.6 m in 
telght; the diameter of the pulleys is 5 m, the diameter of the lift 
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ropes is 56.5 mm; the breaking force is 220.5 t. The weight of the 
pile driver constitutes 200 t, which can also be explained by the 
increased section of a eachine by design, by the presence of two 
lifts and by the considerable height of the pile driver. 


Pig. 120. The diagram of a large 
mine skip-cage pile driver machine. 


The effect of the various causes on the increase in the weight 
of the single lift pile driver 1s tentatively evaluated by the 
Collowing values (% for the data in Table 12): 


two lifts (on Pig. 121) .. ccc cscescerereeceeeess 20 
three lifts (on Fig. 120) ...ccccercecccreseacaes 30 


loaded supporting frame vith 
increased spans (on Fig. 120) ... 
height within the limits of 40-60 
Com Pig. 121) .acccscccscnnocerevccccservsvecesss 10 
height within the limits of 60-80 m 

Con Pig. 120) ssccescscccncccccrvevservnvssvecces 20 
the increase in the section of the 

machine (according to Pig. 120/according 

to Pigs 121) ccccccccccscccccccccccccscversvesacs LOSLO 


Fig. 121. The diagram 
of the large cage double- 
lift mine pile driver. 


The diagonal metallic pile driver (Fig. 122) fe constructed 
in such a way that the loaded boom with aluost centrally located 
sizeable forces can be represented by a sinple syometric spatial 
design, formed ty two pairs of uniform trueses. The pile driver 
mount, receiving comparatively small loads, has a frame design made 
from channe> tar3. A similar combination of trusses and frames for 
diagonal ¢Zle drivers 1s, apparently, expedient. 
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The underpully trusses of the lower underpulley landing aroa 
completely analogous to the upper underpully trusses presei:ted in 
Fig. 116. Im both cases the underpully trusses have the identical 
spane, equal to 2 a, identical sizes and identical sections of the 
elements of the trusees; the uprights and bracings of the underpulley 
trusses are made using two cross-shaped set corners 90 * 90 * 19; the 
strap of the truge - from matching corners, 150 * 150 = 12. 


The weight of the metal structure of the pile driver constitutes 
62 t, and without the pusher and a part of the supporting fraze, 59 t. 
Based on the data, presented in Chapter V, it is possible to determine 
the seight without the pusher and @ part of the supporting frame of 
the conventional single lift pile driver machine, which will be 
equal to 


HY Pahoa S467! 1,2+ It 03-345 +7,05> 11 28s t. 


In this case coefficient a according to tne graph given in 
Fig. 70, is taken to be equal to 0.23; coefficient, equal to 1.2, 
is considered to be the arrangement of the underpulley landing at 
two levels. Conversely, based on the weight of the pile driver, 
it 1s possible to set the actual value of the coefficient c. The 
latter is equal, in this case, to 0.205. One ought to note tha: 
the weight of the free butons are included a9 a value of the actual 
weight of the pile driver. The weight of the pile driver without the 
woight of ao part of the froe puntons, which extends beyond the point 
of the weight of conventional buntons, 13 equal to 56.5 t, which 
correaponds to the value of a coefficient a, equal to 0.195. The 
given indexes of the weight are 5-108 less that the oorresponding 
indexes of the weight for the pile driver machines. 


Pile drivers of the described type with a comparatively 
heavily loaded mount are also made with grated mounts. The diagonal 
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pile . ‘ver of such a design, support pulleys & m in diaseter and rope 
breaking devices, are given in Fig. 126. ‘The pile driver is oharacter- 
tzed by a large span of the boom, which is determined by an arrange- 
ment of tunnels and by other conditions ae well. All planes of the 
given pile driver sre presented by farms with conventional frane 

Pincla within the limits of the machine. 


Figure 127 shows a diagram of a mine diagonal metallic pile driver 
46 m in height, supporting different pulleys with the diameter of the 
ropes of the asin lift, 60 ma, and the breaking force of the latter, 
219.2 t. The pile driver differs by a large span of the boom at its 
base crosewise, consisting cf 26 m, whioh can be determined by the 
specified position of the machine construction. A boom in this case 
ia represented by two spatial frameworks, each transverse section of 
which is inscribed in a square. In this way, @ pile driver is composed 
of two spattal frameworks and a frame-lattice design of the 
machine. Tne described solution can be considered as one of the 
mvuat expedient among the high pile drivers, and under the given 
conditions - the most unified possible. 


Pile drivers with two boome. As a variation of pile driver 
machines there are pile drivers with two braces, arranged in a 
plane at an angle of 90°. Also is an arrangement of the booms at an 
angle of 180° gossible. 


The presence of several Looms appreachcs the design of delta- 
shaped pile drivers to that of polygonal, and aa & rule, resulte in 
an increase in the expense of the construction asterial. Purther- 
more, the cost of two separates machine housings, which correspond to 
thernoficated, water-conducting, air-conducting and, energy pipes 
and ducts, couplings, additional passagea and landings substantially 
exceeds th. corresponding expenses using one unitized machine housing. 
In connestion with this one ought to avoid using pile drivers with 
two boons. The ancond boom can be introduced only as an exception 
during reconstruction. 
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Fig. 123. Installation diagram of the 
underpully and unloading landing and the 
associated diagonal pile driver. 
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The pile driver carried two pulleys J m in diameter, arranged 
in one vertical plane eat heighta of 34.5 and 30.3 m above the level 
of the collar. The breaking force of the rope is 57.3 tv. 


The calculation of the pile driver is done by means cf the 
parallel utilivation of the method of forces and of the method of 
distribution of unbalanced moments. 


Pigure 123 (sections 2-2, 2-3, 4-4, 5-5, 6-6 and otiers) shows 
an installation diagraa, elucidating the underpully and unloading 
landang equipment also in connection with the pile driver, and in 
Table 27 - a section of the installation brands. Figures 116, 117 
illustrate the head of this pile driver; Pig. 124 shows a section of 
the pile driver machine, in which free buntons are used, connected wit 
the supporting designs of the pile driver; the mounts for these punton 
can be made on the spot, simultaneously with the work on the 
reinforcement of the aschine. Visible in this figure are the designe 
of uprights, crossbars and buntens. The main frame of the described 
diagonal pile driver is presented in Fig. 125. 


Pig. 25. The section of the pile driver 
machine using free buntona. 
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The main frame of the 


diagonal pile driver. 


Fig. 125. 


Table 27. 


St 
. aeiges lo of 
Fu “eu shetet, 

. 


Pertgnts of “re - 
as 


of us 


f 


Pt 


wiufle 


port 


Srowepiete of ‘he 
Crosppiese ef se 
eashine sow.” 


Tresver of the treeing of 
the pile driver ‘ead 


181 


Trees pieces 


Trvepes of Un lactics 
of the tee 


lasites of the 
trase 
taltice of the 
Ea id 


Tease of Une opaser 
af the breve 


Vertical etaire 


Stairs ef ue 
trase 


Tlewt for the 
Reacirg of te raise 


182 


aw 
ratviel 


q 


osu mera 


Pale cotver erie Celann axis 


Pig. 126. Diagonal pile driver 
with truases in the main and trans- 
verse planes, 
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Fig. 127. The diagram of a diagonal 
metallic pile driver with height of 

46 m with a support boom, equal to 26 a, 
and with a machine of frame-lattice 
design. 
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Deeigne of franc pile drivere. The deasigng of diagonal pile 
drivor machine and pile drivers of other systems can be made froa 
frames. 


Above wore given examples of a diagonal metallic frame pile 
driver (see Pigs. 122 and 125). The piie driver in Pig. 125 with a 
height of 34.5 m and a breaking force of tho rope of 57.2 t weighs 
56.5 t, and ia oharacterized by & value of the coefficient a in the 
formula of the weight of the construction equal to 0.195, which is 
lower than the normal values. A metallic frame pile driver machine 
with a height of 25 m and with & breaking force of the rope of 57.2 ¢ 
weighs 40 t and is cheracterized by a value of the coefficient a 
in the same fornula of the weight of construction equal to 0.21 which 
ie aleo lower than the normal value of a. 


The diegram of one of the largest fraae pile driver machine ia 
given in Pig. 128. In this pile driver the frame designs are provided 
"ith a head, boom and a aachine mount. The design of the latter 
with a section, 6376 * 7276 an, ie represented by continuous shects 
8 mm in thickness reinforced in the angles of the mine ehaft with 
corners, 150 « 150 = 12, and 150 * 100 = 12, but in the planes of the 
mBlle of the machine - by vertical ribs spaced at a distance of 
1.05-1.35 p and by horizontal No. 30 channel bara spaced at a distance 
of 2.2-2.4 a based on tne height of the machine. 


The uprights ef boom have walle of variable section nade fren 
sheets 14 ma thick having a height of 1452 mm towards the bottoa, 
and 2652 mn towards the top, the belts ~ made from sheets, 24 « 480 m. 
fhe transverse span of the boom is equal to 18 m; in this plane a 
double semi-bracing lattice made from channel bars, is provided. 
The head of the pile driver is formed by frames. The uprights of 
the inclined boom of the frame within the lioits of the brand are 
42.0-52,0 m, and are composed of sheets, 1860 « 12, and 2 « 400 « 
x 20 mm, 
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Fig. 128. The diagram of the 
frane metallio pile driver machine. 


The described frame pile driver is double-hoisting, carries 
pulleys 6 m in diameter using ropes 60.5 mm in diameter with a breaking 
force of 212.5 t. The weight indexes of this frame pile driver are 
not favorable. The weight of the steel designs of the construction 
is equal to 455 t; furthermore, the weight of ths special anchor 
bracings constitutes 4.8 t, the weight of the rail guides and 
fastening parts is 17.3 t. One should, however, take into acoount the 
presence of a number of unfavorable circumstances, causing an increase 
in weight (because of the large sectione of the machine mount - by 
35%; because of two lifts - by 15%; height - 10%; the inerease in 
the spanc of the supporting frame and the presence of special 
equipment - 20%, the whole - by approximately 80% ir. comparison with 
the weight of the normal single-heisting pile driver). Bxcluding 
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the weight of the steel designs, the miniaua weight of the hernetically 
sealed sheating (45 t), can produce a tentative value of weight 
coefficient a (in the formule of a weight with a root of tne second 
degree), which resulted in the indexe3 of the single-holsting pile 
drivers, is equal to 0.30. 


Outside the dependences on the given indexes, one ought to nake 
note of the applied partial solutions in the given pile driver. 


As 6 result of the presence of weak ground the equipmert which 
assures the lift, and in part, the lowering of the machine mount 
and boom, are provided. Specifically, a mounting can be moved on a 
vertical line using hydraulic jacks with a bearing capacity of 
100-200 t. Furthermore, horizontal movement of the machine within 
the limits up to 90 am ie also provided ueing screw jacxe or stunds. 
For thie purpose the underside pile driver beams héeve cantilever: 1, 
mansonry and an anchor of 4 specified design, composed of two 
parte lengthwise (Fig. 129). 


Fig. 129, Attachment of the underside piie driver beam, which allows 
movement of the machine: 1 - the cantilever of the underwide pile 
driver beam; 2 - jack; 3 - screw stop; 4 - components of the 
anchor bolts. 
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The mjority of other parts le not oharacteriatic just for thia 
construction; therefore, it ia possible to note only the following: 
in eacl, tier of the crosspieces of the machine mount in the elesents 
of tne rigidity of the machine have been provided at all angles. 
Benldes the hermetically sealed windlasses with doors for the entry of 


vessels and clongute saterial, handled from the aain landing, and 

also frcm stairn, and clamps attached to the aachine mount, a number 

of windows fur the natural illumination of the machine and hermetically 
goaied doors on the landings for the servicing of the skipe and 
unlonding curves, hag teen provided. For a lift on pulley landings 
Lhera are stairs. Purthernore, for the inspection and repair of 
interlur equipaent of the pile driver on the mount vertical stairs for 
the steeplejacks is provided. In this case durable handrails are set 
on every croaspiece of the aachine (2.2-2,4 m by height) aa an interior 
uy-pogs of the walls of the machine on crogspieces. 


The valves of the machine for paying out the lift ropes can be 
instalied and removed using suspended lift ropes; for setting up 
installation and repair scaffolds clamps are provided on the machine, 
for the alignaent of the pile driver during installation and actual 
operation there are control apertures in the machine and in the boon, 
for unloading curve overturning skips, type p-36 rails are used. On 
the unloading levels dust-removing devices are set up. Lower down, the 
ssip separation is made with a continuous partition made of sheet steel 
Sana thick. On the pile driver o11 pan housings of the pulleys and 
an oi] trap pipeline are provided; shockproof ropes, supported by 
guide tires and, the stop beams, calculated for breaking force, are 
employed. The lift equipment for the pulleys is made with special 
shaft crons-aembers for attachment to lift units; the lifting 
accommodated with the aid of a hand winch. All bolts, nuts, washers, 
screw etops, the upper parts of anchor bolts, spacing sheets 
under the machine have been galvanized. 


Briefly described below are metallic pile drivers, which 
possess a number of characteristics also used in the copper-ore 
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industry. These pile drivers have a franc desifn with a small 
number of the crosspieces, adapted dasicaldy to underpulley, unloadin 
and other landings (Fig. 130). Such @ pile driver can be classified 
with the A-frame type. 


Pig. 130. A view of frame 
metallic half-hip pile driver. 


The pile drivers and corresponding lift devices being considered 
are characterized by mutually aseociated solutions. The pile 
driver supports the pulleys from not more than two lift devices, and 
lift machines are arranged radially. The skip lift machine is 
located near the middle plane of the skips, at right angles to the 
latter or at a certain eaall angle to the normal. The cage lift 
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svacnine Ls located in the immediate area of a housing of the skip 
machine. An angie vetween the plane of the cage lift and the vertical 
plane, passing through the emall axis of the cage (by design), goes 
up te ace, 


In accucdanze with the location of the lift machines the 
pulieys of the deckhead pile driver are installed. On the upper 
underpulicy landing the pulleys of the skip lift are act at a small 
angle to the plane of the pile driver. On the lower underpuliey 
lInndings tho pulleys of the cage lift are set at a iorge angle to the 
sane plane. 


Tne front vertical frame of the pile driver is distributed on 
the Dace. The supports of this frame are located on the outside 
of tne over-all dimensions of the shoring of the stem of the shaft. 
Tho support denigns of the construction are not connected to the 
structurog of the shoring of the etem of the shaft. The metallic 
fount io suspended on the supporting designe of the pile driver 
(Pig. 131). On the plane of the abutting to the ehoring of the 
stem of the shaft, the amounting of the pile driver is not quite 
finiahed in front of the ferroconcrete designs of the shoring of the 
mouth. With the help the special rods aade fron pipes or other shapes, 
which aro shifted relative to the vertical line of the design of 
machine to the gshering, 19 assured. Por this, pipes 100 mm in diameter 
are Inserted In the aperturcg of several horizontal elemente of the 
machine and welded to matching parte of the shoring. In this way, 
the shoring of tne stem can be shifted along a vertical line 
celative to the pile dirver and can sustain horizontal loads froa 
the machine. 


The upper and lower joints of the aain frames of the described 


Rlle drivers are self-explanatory in Fig. 130; the intermediate 
Joints are chown in Piz. 132. 
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Pig. 131. A view of the frane 
of a metsllic half-nipped pile 
driver. 


The weight of a singie-noisting frame metallic pile driver having 
a height of 32 with a breaking force of the rope of 57.2 t is equal 
to 91.8 t. The weight of a convenzjonal metallic pile driver machine 
under analogous conditions is equal to 56.5 t. In another case, 
a double-hoisting frame pile driver of the described type of the 
same height with a breaking force cf the rope of 69.3 t weighs 116.6¢. 
The welgnt of a corresponding. pile driver machine constitutes 70 t. 
The welght indexes of the examined A-frame pile drivers, specified 
for the weight indexes of ainzle-hoisting pile drivers, are 
characterized by a valu? of coefficient a (in the formla of a 
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weight with 1 root of the second degree), equal to 0.38, which 
characterizes the increase in the weight of steel structures in 
soapariaon «ith mounted and diagonal pile driver machines, 


Pig. 132. The Joints of the frame 
of a metallic half-hipped pile driver. 


One ought to note that the increased weight indexes using 
radially arranged wachines are characteristic not only for the 
described A-frame pile drivers, but are also characteristic for 
grated A-frame metallic pile drivers. According to the description 
of a group of deckhouse pile drivers, operating in Witwatersrand 
enterprises, the mean value of the coefficient a constitutes about 
0.61. Taking into account that the pile drivers ere of this double- 
and triple-hoisting group one can assume that the weight of the 
built-in hoppers and landings constitutes about 15% of the weight 
of the construction. In this instance with an overall decreasing 
coesficient of the weight of 0.7, ths mean value of the weight of 
the coefficients of these grated pile drivers (in the formula with 
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a root of the second degree), specified for the weight of a single- 
hoisting pile uriver, ia equal to 0.42, which is higher than the 
indexes of the weight of the above described frame pile drivers, 
end which corresponds to the double weight of the corresponding 
mounted and diagonel pile drivers. 


The presented examples confirm the given position in Chapter IV 
wbout the expediency of using frame pile drivers with an average and 
emall height and with relatively moderate loads. With an incresse, 
specifically, in loade and with their disedvantageouo arrangezent 
(which exists, for example, with a radial mounting of the lift 
aachines), with an increase in the number of lifts up to two and 
three, and in other unfavorable cases, the utilization of framc pile 
drivers should be limited. 


Ptle drtvera vith depressed boome, boomlese and guy-wtre 
eupported ptle drivers. Based on the described systems it is possible 
to produoe a large quantity of various pile drivers. These designs can 
differ from the basic one to such a degree that the obtained construc- 
tion can pertain to other uystcz. Thus, for instance, Pig. 133 gives 
various diagrams, obtained froa the simplest mounted pile driver 

shine. The pile driver, presented in Pig. 133b, Giffere somewhat by 
a depressed boom which frequently is the case for mounted pile 
drivers with a developed head, especially, with a large number of 
pulleys (see Fig. 124). Sometimes only pile drivers of such a 
design can be used. 


a) / ws c)/ a) 
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Pig. 133. Various diagrams derived from thy simplest mounted pile 
driver aachines with changes ln the boom: a) mounted pile driver 
machine; b) mounted pile driver machine with a depressed strut; 

¢) pile driver cantilever formed by the introduction of a semi-toom, 
4) boomless pile driver. 
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Tt was shown above that mounted pile drivers with sozmewhat 
depressed touna in certain cases are elso expedient. Specifically, 
thia Ls observed when using two 11fta and with relatively large loads 
et one lift. In this case (See Pig. i132) a certain lowering of the 
tou: along wlth ite displacemen: and approach in a direction of the 
resultant forces cf the main Lift ia entirely appropriate. 


Certain metallic double-helating pile drivers about 40 m high 
ave andg “{th a depressed position of the booms. In actual practice, 
the operation of these unorthodox pile drivers were not observed. 
[he structures were cheracterized by a high degree of rigidity. One 
or the pile drivers were subjected to the effect of specific loads ae 
a result of the rupture of the lift rope whereas the structure did 
not surfer damage. The weight iuwJezes of the pile drivers with liaited 
sleprogsea booms are analogous to the corresponding indexes of conven- 
tional aounted drivers. 


A further ¢epression in the boom leads to the fact that the 
mounted engine operates as a powerful cantilever-arm bracket (Fig. 
133c), firmly embedded in the lower part, and at the point of 
abutting of the semi-boom. The diagram, presented in Pig. 133d, 
is characterized by a complete absence of & boom. In such a pile 
driver nething remains of the basic syatem and the construction is a 
aimpla cantilever - a boomless pile driver (the moet widely used 
type of cantilever pile drivers). If one assumes that the ratio 


t 
yoad 


which cxisty for high pile drivers (sse Fig. 121), then the force 
din Uhe sepporting panel of the strap of the truas will be equal to 


N= SP, 
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connected with the enclosing of the cantilever at its banc, were 
mentioned in this case to such a degree tnat 1t way neceyvary ‘40 
introduce a conventional boom for sustaining the fornes of iift into 
the deaign of a teomless cylindrical pile driver. 


Pig. 13%. Boomlens cylindrica: 
metallic pile driver: 1 - 
cylindrical mount (pile driver); 
2 - possible position of the 
guy wire. 


There is no need to dwell here on the description of cylindrical 
pile drivers with booms. One ought only to note, that these 
structures in essence are the particular variety of mounted pile 
drivers with an enclosed mounting of the annular section. 


Por vontilation stews the utilization of boamless pile drivers 
with enclosed machine tools can be appropriate, but the action of 
forces and the construction difficulties described above are an 
obstacle to the broad introduction of pile drivers of this dosixn. 
In connection with this there ie & proposal about the exception 
made from normative requiremente according to the calculation of the 
deckhouse pile drivers in the case of the rupturing of the lift rope. 
This problem is very complex and is associated with the utilization 
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With a gQulley 5 m in diameter and a rope 60.5 am in diaaeter 
the oreaking force will axount to 246 t, which corresponds to 4 value 
of P of about 470 t and to the amount # of more than 2300 t. If we 
compare the sums of the products of the forces in the rode along their 
length, then the ratio of these amounta for boomlesa and mounted 
pile drivers will be clove to fe f.e., it will be equal, in this 
cage, to §. 


Tae theoretical weight of the construction 1s proportionel to 
the sums of the producte of the forces in the rods along the length 
of the latter. In this way, the weight indexes of the boomless 
pile drivers in general ere not favorable. 


By bracing the boocaleso pile driver at ite base one uaually 
faces a number of complications mostly very considerable forces 
in the straps of the cantilever and in the anohor devices of the 
pile driver. Furthermore, in this instance iy necessary @ maasive 
and stable collar of the mine shaft or a rigid foundation of the 
pile driver especially distributed at the base. 


One of the examples of a solution of boomless (cantilever) pile 
drivers is a boomless cylindrical pile driver (Pig. 134), used in 
certain ventilation stems in the coal industry during the post-war 
Preconstruction period. The mounting of the pile driver under the 
Riven conditions should be hermetically sealed, and the planking of 
the pile driver should possess a known strength. A number of 
subsequently installed netallic ferrules of the booaless cylindrical 
pile driver are substituted for the mount and planking of a simple 
boomless (cantilever) pile driver. Because of the cylindrical forn, 
the thickness of the metallic sheets of the ferrules conetitutes 
6 =m. These circumstances help one to obtain in a given particular 
case, relatively more favorable indexes for the weight of metallic 
@esigas for a described cylindrical cantilever pile driver. Never- 
theless, this design is characteristic for all the above described 
deficiencies which typify boomless pile drivers. The difficulties, 
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of safety and parachute ¢cujpmen: and other probleas of safety 
technique. The proposai in thia part, apparently, has not beer 
founded. Without dwelling on this specific question, it is possible 
to note, that the efforts of researchers and of constructicn worders 
should be concentrated on iaproving the designs of boomlesn pize 
drivers. 


The designs of cylindrical and other boomless pile drivers 
can be substantially facilitated and improved beceuse of the 
introduction of guy wires. 


With firmly embedded mounts in general in and spectfically with 
metallio boomtees ptle drivere along with cylindrical and other 
machines ie possible and a device of prestressed guy wire, 2 on tne 
side, opposite the direction of the loade on the lift is expediert 
(Pig. 134). 


Let the projection of the forces of the prestressed guy wire 2 
(Pig. 135a), to horizontal Py causes a negative displacezont of the 
machine (to the left along the axie of the abscissa) 4A‘ equa? - 4, 
and the negative monent basically of the console - 4,. {n this case 
the bent axie of the centilever rod 1 (machine mount) is determined 
by line A'S, where A‘ - the top of the machine mount, 8 - the point 
of its enclosure at the base. 


Let us apply a load Ps as a result of the work of a lift to 

the top of the machine. If Py is equa? to Py» then She top of ti 
machine will be located between pointa 4‘ and A, but the value of 

the bending moment at the base of the machine between the valueg (.-"/.) 
and zero, respectively. If +P: then the top of tha zachine will 
be located between 4' and A‘', but the value of the bending moment 

at a base between the values (—vi,j. and (4-4) , respectively. It 

4s obvious that only with a further subatantial increase in the load 
Pos the value of the bending moment at point B wili achieve a value 


(46h). 
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Pig. 135. The diagrams, which pe eees 
to the minimum horizontal loads of the 
Pile driver machine: 4 = displacement, 
corresponding to the force P>- 


In practice, 1f a metallic boomlese pile driver with guy wires 2 
(Pigs. 13$a and 134) fe calculated, for ezasple, for the action of 
load P), equal to 60 t, which accordingly to the data, corresponds 
to a conventional boomless pile driver having a weight of about 90 t, 
then it 1s possible to transfer a specific appearing load Pos 
considorably greater than 120 t on this pile driver during the 
rupture of tire 11ft rope, as a first approximation equal to 150-190 t. 


If the value Py somewhat exceeds the effect of the horizontal 
component of the working load of the lift, then without considering 
the presence of the guy wire 2, it is possible to transfer the working 
loady of the Lift on the given boomless pile driver; allowing for a 
prestressed guy wire 2, it 168 possible to transfer the specific loads 
of the Jift to the pile driver, which appear as @ result of the 
rupture of the lift rope. 
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On the basis of what has been proposed it may be corcluded, 
that the utilization of boomless pile drivers possessing prestressed 
guy wires 2, directed to the side opposite the loads of the lift, using 
rigid enclosed or grated machine mounts deserves special attention. 


The utilization of guy wires 2 and 3 together (Pig. 135b) with 
rigid machine mounts - is possible, and with highly flexiblo machine 
mounts — necessary. In the latter case the utilization of guy wires 
1s appropriate with comparatively small loade and the permissible 
values of horizontal displacements at the tops of the machine mounting. 
The leads displacements at the tops of a machine mounting corrsepend 
to the least values of horizontal components of loads of the lift. 
Other conditions being equal, this corresponds to the approach of 
the lift machines to the stem of the mine shaft, i.e., mostly to a 
case of the ground position of the rope driven pulleys with a 
simultaneous device on the guy wire or a doomless pile driver of 
corresponding guide pulleys (Fig. 135b). 


In certain cases obtaining the saallest values of horizontal 
loada of the lift, transmitted to the pile driver, and using 
single-rope lift devices with drum lift machines has not been excluded. 
Figure 135b depicts a @iagran of the guy wire pile driver, which has 
special pulleys near its base, set in a collar and which serve for 
changing the direction of lift ropes taking into account the 
practical exception of horizontal external loads on the pile driver. 

A machine mount in this instance carries predominantly vertical loads 
of the lift, and the guy wires of the pile driver sustain comparatively 
small forces, specifically wind loads during the operstion of the 

lift and at specific loads. In such a case using 8 limited section 

of the guy wires it is possible to gusrantee the minimus horizonts] 
displacements of the underpulley landing of the pile driver and a 

high degree of rigidity of the etructure. One ought to show 

similer existing arrangements of pulleys from abroad. Pigure 135c 
shows @ rigid pile driver about 5° m high with the distance on a 
horizontal from intermediate pulleys 7, to the drum of a lift 


201 


machine 8, at about 76 m, and to the pulleys 6-30.4 =. The deflecting 
pulley 7 set at a level of planning near a pile driver replace the 
interzediate supporting pulleys 4 with a mast S, for their maintenance. 


The second way of using steel cables in pile drivers azounte 
to a stretching dectee, which secures the transverse stability of the 
atructuro, In thie tnetance stretchinge are not used or barely so 
in the diroction of the loads of the lift and only the forces, which 
appear os a result of tne effect of wind and seisuaic loads, are 
basically sustained. 


The utilization of stretching in practice is limited so far to 
tenaporary structures during construction and heading. It follows, 
however, to show, that the utilication of steel cable stretching in 
the designs of a number of pile drivers is a simple and effective 
measure. 


Inasmuch as in most cases it is pogsible to spreads the boon 
crosswise in metallic pile drivers without any difficulties, the 
utilization of stretching in metallic pile drivers can basically 
occur with high and very high pile drivers. As for reinforced concrete 
sectional ferroconcrete, wooden and other pile drivers, the utilisation 
of stretching for these designs is even expedient with average height 
and low pile drivers. Sectional ferroconcrete pile drivers esploying 
atretching can be used at practically any height. Transverse 
etretching permite « reduction of the nuaber of the kind and dimensions 
of the elemcnte of the sectional ferroconcrete designs of the pile 
driver and substantially reduces its weight. Traneverse stretching 
in wooden pile drivers ie also an effective meaeure. Under usual 
conditions the task of providing transverse stability of the most per 
fect diagonal and wooden pile driver mounts is most difficult to attain. 
In view of the difficulties, connected with the protection of the wood 
ogainat atmospheric reactions, any kind of external boow, extending 
beyond the main flat design of the construction ig undesirable. 

With the Introduction of these booms in metallic designs difficulties 


202 


diminish but the overall expenditure of metal in the connatruction 
gubstantially increases. The introduction of stretching gives the 
same result, but with leas expenditure of steel. 


It is possible to show the following diagrams of the srrangenent 
of transverse atretching for flat pile driver machine and others 
(Pig. 136): 


diagrams «, 6 correspond to the haulage, parallel to the plane 
of the lift, atretchings perpendicular to the plane of the lift and 
the main plane of the pile driver; 


diagrams « # correspond to the haulage, perpendicular to the 
plane of the lift, the stretchings comprise by design with the plane 
of the lift at a certain angle, cloge to a straight line; 


diagram d-- with haulage of unloading, parallel to the plane 
of the lift; the stretchings sre perpendicular with the shown 
plane; the number of atretchings - 4; a diagram can be used with 
considerable dynamic loads of the mechine, with large apertures in 
the latter, connected with the unloading of the skips of comparatively 
large capacity, and also in other aimilar cases; 


diagram x 1a possible for haulage, perpendicular and parallel 
to the planes of lift, stretchings located by design at an angle 
to the plane of the 11ft, with a component of 60° and more; 


diagrans of 1,e differ by the stretchings, arranged in the plane 
of the booa; in these cases a flat boom together with two stretchings 
perform the role of a conventional boom, set crosswise. 


Some diagrams can be used for haulage, parallel and perpendicular 
to the plane of lift. Thue, for instance, diagram «is an exanple 
of the possible organization of naulage in any direction. Diagram a 
can also de used for haulage, perpendicular to the plane of lict, with 
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@ definite outline of the galleries and haulage passages. A 
corresponding haulage is repreeented in diagram «. In this way, a very 
siople diegram a (it ie, however, 4) for the arrangement of stretching 
de rether universal from the point of view of the possible organization 
of the haulage. 


One ought to note that the stretchings practically in all cases 
Sustain the loads, acting in a direction, transverne to the plane of 
lift. These loads are primarily windy loads, and based on their 
absolute value, are small. Therefore, with comparatively light 
stretchings along with a very emall total expenditure of steel 
cable in e@ flat pile driver it ta always possible with satretchings 
to guarantee a small permissible value of horizontel displacements 
of the top of the pile driver in a transverse direction. On the 
other hand, the basic loads of the lift and other loads acting in the 
plane of 11ft sustain very rigid structures of diagonal or machine 
mounted flat pile drivers in this plane. Corresponding displacements 
affecting the loads of the lift in the given syetem are insignificant, 
which is the most important feature of flat pile drivers with 
stretchings. 


The fastening of the etretching cables to the patching parts of 
the foundations eat height of about 2 © above the level of planning ‘s 
recommended, which is 4 guarantee against random damage to the 
cables (Fig. 137). The manufacture of stretching cablee should be 
according to special instructions. In this case it is necessary te 
@ive special attention to the drawing up of cables with forces, 
somewhat exceeding the calculated forces and with markings taking into 
account the forces in the working position and the quality of the 
sealed off ends of the cables. The strength in closed ends should 
correspond to the strength of the cable. 


Pigure 133 depicts the diagram of a flat metallic ferroconcrete 
or wooden pile driver, the stability of which is provided crosswise for 
two stretching cables 1. The pile driver — flat-nounted at ¢ 
heignt of 30 uw. Steol cables 31.5 mm in diameter provide the 
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Fig. 137. The fastening of the stretching 
cable at a height of 2m: 1 - metallic 
designs 2. stop; 3 = parts of the 
fastening of the stretching cable; 4 = 
foundation. 
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stretching for the pile driver. The area of the section of a:: the 
wires of the cable is 5.69 on’, the length of the stretching is 

4244 cm, the weight of the cable is 4.96 kg/m; the diameter of the 
frozen cable in taken equal to 6.3 cm; the weight of the ice is 

2.1 kg/m. The sum total weight of the cables fcr the stays of the 
pile driver in the examined example is equal to 0.4 t, the weight of 
the metallic designs - 1 t (Pig. 137), the metallic componente for the 
fastenings of the stretching cables are 0.4 t, the overall 

eupenditure of metal constitutes about 1.6 t. 


In accordance with the normative windy loads the horizontai 
reaction ¥, of the pile driver machine at point 8 (Pig. 138) 
constitutes 2.9 t, With the effect of the greatest possible calculated 

load of the wind, the corresponding horizontal response of the pile 
driver machine at point 8 - W2 4s equal to 4.4%. During the 
calculation for the wind of the pile drivers with stretching cables 
one ought to consider a number of combinations of loadg, including 

the effect of the normative loed of wind vy @Qllowing for the action of 
the wind on the stretching cabl«, the weight of the stretching cable 
and of the rime; the effect of the greatest possible calculated load 
of the wind My allowing for the weight of the stays, the difference 

in temperatures. With the effect of the normative windy load, the 
amount of displaczment at the top of machine is equal to 


4,230 ewe peal 


With the effect of the greatest poss.dle caiculated windy load 
the amount of the greatest displacement at the top of the machine is 


aw dB can agit. 
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Fig. 138. The diagraa of a Clat-mounted metallic ferroconcrete or 
moo'lan pile driver, the stability of which {8 provided crosswise 
for the stretching cables: a) diagram of the frame of the pile 
driver in the plane of lift; b) diagram of the structure in the 
plane, perpendicular to the plane of lift; 1 = stretching cables; 
2 = boom; 3 = mount. 


‘The obtained amounts of displacements (py-gy) 4 are entirely 
acceptable for cargo lifts. For cargo-passenger lifts, the 
magnitudes of displacements at the rated load of not aore than eat 
le recommended, 


Te 1s interesting to note that for the comparison of the values 
of the displeccnants at the top of a rigid metallic pile driver with 
a boom are distributed crosswise. A rigid pile driver machine close 


hased on sizes was examined in Chapter ¥. The height of this pile 
dviver was 29.9 m; the length of the boon, 34 a, and the area of 

the section of the strap of the doom, 153.6 om’, The displacement 
at the top of a rigid metallic pile driver machina with a boom at 
a normative load constitutes 1.2 em, or inl and et the lergest 


possible calculated load = 2.2 cm, or #. 
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4, Ferpovoncrete 2ile Drivers 


The known designe of ferroconcrete pile drivero are characterized 
by considerable woight. Therefore, one usually avoids transferring 
tneir weight to the shoring of the stems of mine shafts. At the sazxe 
time with the increase in the weignt of the construction, the direction 
of the general resultant loads of the pile driver approaches a vertical 
line, the designs of pile drivers, to a lesper degree, oferate under 
bending, and the pressure in the plane of the base of tha construction 
based on their magnitude, are relatively isometric. These and other 
motives are proposed as the basis of 4 number of designe of boomless 
ferroconcrete pile drivers, in a number of cases, united with 
adjacent deckhouse construction. 


Tne pile driver, joined with the designs of receiving hoppers 
and deckhouse building (pile driver hopper), used in the coal industry, 
are shown in Pig. 139. Pig. 180a showe a plane of a boomless (canti- 
lever) ferroconcrete pile driver, made for conditions at 
Whitewatersrand. The outlines of the pile driver according to this 
Plan differ somewhat froa that mentioned above. Nevertheless, a1) 
the listed construction are boomlese (cantilever) pile drivers, 
aseociated, in most cascs, xlth the support designs of decuhouse 
buildings and characterized by considerable weight. One of these 
ferroconcrete monolitnic pile drivers with a built-in ferroconcrete 
receiving skip hoppers (pile driver hopper) with a height of the 
oonetruotion at 40 m and expenditure of monolithic reinforced concrete 
of 1900 a3 has an overall] weight of about 7000 t. In other words, 
sucn a pile driver hopper with a hetgnt of 50.5 m is characterized 
by @ pressure in the plane of the base of about 10,000 t. The 
weight indexes of a number of bocalesz ferroconcrete pile drivers 
with guide pulleys are close to the weight indexes of ferroconcrete 
tower pile drivers, which support cable-drive pulleys of amultirope 
lft devices. 
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Fig. 139. Boomless ferroconcrete nonc- 
lithic pile driver, Joined witn receiving 
hoppers and @ decknouse building (pile 
driver hopper). 


at 
(4h IN! IO. 


Pig. 140. Ferroconcrete dooaless 
pile drivers based on the data of a 
foreign practice. 
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The need for the erection of construction, which is characterized 
vy a consideravle volume of monolithic reinforced concrete near the 
stem of the shaft, leads to difficuities in tne building of the 
central mine unit and to corresponding investments of time which 
Substantially eliainates the period of the operation of the pit. 

One ought to keep in oind the latter during the exam'nation of the 
problem aoout the utilization of monolithic ferroconcrete pile 
drivers. In all such cases it is necessary to take measures which 
facilitate the acceleration of the construction werk, specifically, 
problens should ce examined about the utilization of mob‘ie or 
adjuetavle planking, about the form of construction, to the greatest 
degree, which corresponds to the outlined production of the conetruc- 
tion work. Figure 1400 saows a ferroconcrete boomless pile driver 
with guide pulleys, designed for the utiligation of mobile planking. 
Tae ferroconcrete box of one of the pile drivers of this type with a 
Nelght to the underpulley landing of 31.5 mp wae also erected in 

10 days was using mobile planking. 


Among the other monolithic ferroconcrete pile drivere one ought 
to dwell on the deacription of A-frame, triangular-hipped and 
polygonal-hipped systems. These pile drivers do not bear down on 
the collars of mine shafts, and their foundations are spread by 
design. Tne machine aountings for the bracings of the guid: and 
tarrier of the 1ift are usually made of metal. The Crome of tne 
construation — monolithic, ferrooconcrete, with heavy secticns of 
rode. Utilization of A-frame and other listed designs is extremely 
limited (the reasons were indicated above). The basic deficiency 
of euoh ferroconcrete pile drivers aloo consist of a number of 
complications, connected with the fulfillaent of gonolithio rod 
designe of nigh construction, located in the congested central 
aine unit. Furthermore, the time necessary to erect such a ferro- 
concrete pile driver, 18 quite ‘ong in comparison with other variants 
of the solution of the designs of a pile driver. 


The wore or less wide utilization of ferroconcrete pile dr:vere 


can be obtained with the monernizatlon of the above described designs, 
dicéctod towards their simplification, reduction in the volume of the 


all 


ferroconcrete work, produced at a considerable height, reduction of 
the expenditure of wood for scaffolding, planking and reduction in 
the welgnt of the construction. 


Sna of the solutions, specifically for boomless pile drivers, 
would be the utilization of reinforced concrete structures with a 
mutallis head and a ferroconcrete supporting part with the introduction 
of supporting reinforced frames, the utilization of which in a nusber 
of cases le expedient in pile drivere for the following reason. 
Inavouch as temporery loads in pile drivers, including the specific 
loads, whieh correspond to the rupture of the lift rope, are quite 
great, and the constant loads, determined basically by the weight 
vf tne skeleton construction, are comparatively insignificant, the 
numer of rode of the construction can be small. The sections of 
roda have large sizes with sinple rectangular forms, which ia 
favorable for the utilization of supporting reinfercement frames. 


The part of construction wost highly located and represented 
oy @ combinaticn of comparatively complex elements of the head of a 
pile driver, .ar be made exclusively of metal. This will somewhat 
incrvasy the expenditure of metal, but will substantially siaplify 
the erection of tne pile driver and will permit the weight of the 
construction to diminish sharply. 


4s diagraa of the skeleton of the reinforced concrete bDoomless 
pile driver with receiving hoppers (pile driver hopper) is given in 
Pig. lal. vhe upper. part of this construction in composition of 
the heed and supporting edjacent design J is represented by a metallic 
pile driver of a boomless (undeveloped triangular-hipped) system. 
Actually this part of the pile driver ig the conventional heed cf a 
large pile driver machine (see Fig. 114), simplified in its lower 
part vecause of exceptions which correspond to the underpulley 
and transverse trusses. ‘The monolithic ferroconcrete design $ is 
applied in the lower part of construction approximately within the 
limite of the usual height of a deckhouse building, which is most 
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convenient in relationship to the organizaticn of the lift and laying 
of aoncrete as well a3 in conjunction with the utiligation of the 
supporting reinforcement frames of the reinforced concrete part of 
the pile driver and of the above described metailic upper part, and 
the possibility of ereating the pile drive. in ehort order is assured. 


os Al 


Pig. 141. Reinforced concrete skeleton boomlees pilo driver with a 
receiving hopper (pile driver hopper): a) the diagram of the pile 
driver; b) the diagram of the utilisation of the lower reinforcement 
framework part of the plle driver during driving; 1 ~ metallic part 
of the pile driver with the head and supporting structures; 2 — the 
ferroconcrete part of the frame of the pile driver, in operation with 
the supporting reinforcement frames. 


The manufacture of the head of a pile driver using reinforced 
concrete is most intrieate and laborious. Successful contemporary 
Solutions for this ‘actually do not exist. Therefore, the deseribed 
diagraas of reinforced concrete pile drivers (Pig. 141) can be, in & 
number of casee, accepted for operation. The expediency of this 
diagram will be xost clearly expressed with an average height of the 
Pile drivers and with a moderate height of the lower section of the 
construction, mads from reinforced concrete using supporting 
reinforcement frames. The supports of such a pile are arranged 
outside over-all size of shoring of the stem of the mine shaft, 
allowing for the over-all sice of their sinking conetruction and 
their displacement over a certain period of time inside the permanent 
pile driver. Such a pile driver aan also be used for driving the 
stem, whereby the lower ferroconcrete part of the pile driver is also 
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installed and simultaneously cemented with tne equipment of the 
ferroconcrete shoring of the mouth of the shaft etem, whereupon the 
sinking landing is equipped with the installed required pulleys 
ifig. J43b), Based on the termination of the driving or sioulte- 
neously with 1t, §t 1s possivle to install the upper metallic part 
tof the pernanent pile driver. 


Saoctonal ferrosonorete pile drivers. File driver machines 
are one af the most commonly used systems of metallic pile drivers. 
During the bullding of ferroconcrete pile driver machines there 
are a numler of verious difficulties, especially noticeable using 
precast reinforced soncrete. The ferroconcrete machine mount on the 
shoring of the mouth of the stem shaft is far from always being 
ssceptable; tne booms of pile driv-r machines differ by great length, 
whioll, with considerable loads, is equivalent to the utilization of 
ferroconcrete elements of a boom with a weight corresponding 
approximately to the weight of bridge span structures. The number 
cf rods ia so Small that the repeating of the elements is insignifi- 
cant. With metallic designs because of the introduction of bracing, 
which transmits comparatively small forces fron the weight of the 
boom {tself t>. the machine, the sections of the boom can be 
substantially reduced. The weight of the ferroconcrete boom is 
calculated in tens of tones, and to transmit such forces of the 
Structure of the sectional frame machine is difficult. 


The support of the metallic pile driver machine simultaneously 
du the collar of the mine shaft and on a separately standing 
foundation of a boom ‘s possible nawely because of the utilieation 
of metallic structures. The utilieation of the ferroooncrete piie 
drivor machine, which le characterized by a rigid joint of the boon 
and macAine, requires the introduction, ‘in @ numer of cases, of 
special} foundations under the mounting, substantially spread by 
design. Thus, the need is created to use a machine apart frop the 
vertical and horizontal elements of the sloping rods, which transmit 
the loud so the foundations of tne machine. Everything shown, on the 
hols, substantlelly complicates the realization of the idea of 
utilizing the sectional Cerroconcrete pile drivers of a machine 
systex. 
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Scuemes are known of sectional ferroconcrete pile driver machines 
developed with the utilization of the sectional principle. ‘The 
Scneues encompasé $@all pile drivers with 4 height of 15.2; 19.9; 
20.5 and 28.7 m, supporting pulleys with a diameter of 2.5 m (Pte. 
142a). Apile driver with a height of 24.7 a 1s composed of cloven 
sections of the machine, the 6tructures of the head and five sections 
of the boom. The stressed reinforcement framewcrk of the designs 
of the doom is provided. ‘the deficiency of the described diazrans 
are the great lengths of booms, significant moments in the rods of 
the booms and the need for their stressed reinforcement, oltno ran 
tnese rods with the effect of working and special loads of tie lift 
Sustain compressive forces. Also one should relate tho presorce oF 
the eections of a machine to the deficiency of the diagrams. itn a 
certain change in the section of a machina tho overall siee of the 
ferroconcrete sections of the aachine also cher.gos. 


a) 


Pig. 142. Sectional ferroconcrete pile 
drivers: a) sectional ferroconcrete 
pile driver machine; b) sectional ferro- 
conerete boopless pile driver joined 
with the receiving nopper; ¢) sectional 
reinforced concrete pile driver. 


Figure 142b shows a diagram of the sectional ferroconcreta pile 
driver, used in the copper-ore industry. At a full height of 36.2 0 
thie pile driver, up to a leve] of 22.8 m, is associated with the 
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ferroconcrese moncliinic receiving hopper adjacent to it. The wall 
of the machine, the parallel planes of the lift, are formed by 

tne elements of a dJcuble=? form at a he-ght of 2.1m, width and 

the tnicanens cf the «all of a double-T, 3.4 « 0.2 m, a section of 
the rlange, 2.97 * 6.3 Rm. 


Fisuc:: th2c deplcts diagran of one of thu deckhouse pile drivers, 
provided by a standard dockhouse complex of an Lron-ore mine. This 
pile driver differs in the design of the aead, which is metalile. 

Tne design of a bocn here is somewhat aimplifiad because of the 
wnification of the rods of the Voom into rigid flat frames. Tho 
seficlency of a colution continues to be the large ovorall length 
of the boon of tne pile driver, consisting in this case, 27 n. 


Tne positive results witn the introduction of precast reinforced 
congrete in the design of deckhouse pile ¢rivera can be obtained, 
specifically, on she tasis af the realization of the diagrans of 
bcom-upright reinforced consrete sectional piie drivers. 


The oxterna? fora of such a pile driver suggests a trestle of 
un inellnvd lift (Fig. 143}. The head of the pile driver 6 - metallic. 
Tne puileys are installed on metallic structures, which consist of a 
continuation of the ferrosoncrete boom 2. The equipment of the head 
!3 sigtlar to tnat given in Figs. 116 and 117. The ferroconcrete 
uprights J are the support of the ferroconerete boom 3, and together 
with it, tne joints 3 and crosn pieces ¢, form an invariable very 
rigi¢ system in the piane of the frame of a pile driver. The doon 
ronoists of separate repeating clexzonts having a length of about 
Ll-t&8 m. The great length of the elements corresponds to the bracing 
cf a doom crosawise, usue) for vigid pile drivers. The azount of 
bracing of tne boom in tnis case io somexhat less in comparlucn with 
Lap requircmont for metablle plie drivers. The lesser length of 
tt element” corresponds to x bocm with paralle) straps. Sinilar 
flat ferroconcrete Coons can be used with «ide machines inoluding 
tee average pile drivers vVased on height. 


The unification of boomupright pile arivers 13, Sy compar‘aon, 
easily accessible. With a eamall nuncer of the type und elmenistensa 
of seotional elementa it ie poaaivle to obtain a construcczion of 
aifferent height and purpose. Specifically, undfication 16 possible 
with the arrangeaent of pulleys in one vertical plane and haslage 
crosswise. The three eectional elements described above (at selaht 
modulus of 12 m) and four type and dimensiona of motallic heads are 
quite sufficient for the formation of a series of boum-uprigat pile 
drivers having a height of 15; 18; 21; 24; 27; 30; 33; 36 © ans 
soon. With high pile drivery the utilization of the modulus of the 
heignt of construction, equal to 18 m and more is poaslble. 


5. Wooden and Other Pile Drivers 


The utilization of wooden pile drivers ia limited beoause tasy 
are a fire hazard, have comparatively low strength and structura: 
complexity in the presence of several lifts. Nevertheless, in many 
enterprises, they use and design wooden pile drivers, especially 
in forested regions. It 18 alav possible to note, that their 
utilleation is relatively developed in the iron-ore, copper-ore, 
manganic and goli-proaspecting industry. 


The utilization of vooden pile drivers in a sumter of cases 
is ezpedient in new remote regions, in separate small undervakings, 
all which results in a substantial econony of the metal and it 
facilitates the acceleration of building and delivery of a aine or 
part of it into operation. 


The above described systems of pile drivers are most clearly 
defined in the fulfillment of the structure mde of metai. lMowever, 
the above mentioned classification of systems of pile drivers are 
applicable even for wooden pile drivers. The latter are also divided 
into nipped (in this case predowinantly polygonal-hip), syemat-hic, 
macnine, diagonal, guy Wire systems. 
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Tnere are designs of pile drivers, in wnich the oeparate parts 
and parta of pile driver are made using metallic elements. The 
Latter can be presented oy metallic drawbars, stretchers and guy 
wires, separate landings and joints, half-booms and booxs. The 
utilization of metal in such designs is limited, and pile drivers 
and thoir unite retain the basic distinctions of wooden designs. 
Therefore, xooden-merallic and some other pile drivers will be 
examined together with wooden pile drivera. 


According to the rules of safety wooden pile drivers should be 
«quipped with a sprinkling systea. 


Hipped yvooden pile drivers. Hipped wooden pile drivers 
frequently have the form of frustum (Fig. 148u), developed in a 
norizontal direction to the side of the lift machine with face Co, 
directed approximately along the resultant forces of the lift. 

As 4 result of the tendency for the utilization of elements of 
crosspieces and bracings as short as possible frequently intermediate 
uprights C4 are inserted, and with a considerable size of the 
conatructicn — two such uprighte, CW and C¥. The panels of the 
vertical plance of the pile driver are filled with the grating of 
various outlinee, and in horizonta) planes, 4‘, 4", and others 

the joints weich facilitate the stabllities of the elements of 

the external planes of the pile driver are inserted. 


The underpulley landing 8C is usually represented by @ crib of 
braces uprights, ccmposed of underpulley and transverse beans. 
In rarer cases the underpulley landing is formed by grated wooden- 
metallic designs, and sometimes metallic designs in the form of 
& beam cage or trusses. 


Tne external planes of the pile driver during comparatively 
long use of the conetruction are faced with corrugated 
aslestos-crment sheets aon wooden lathing, and in other cases — by 
vvards. 
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Pig. 143. fhe diagram of & bovr- 
upright of & Sectionai ferrocca- 
erete pile driver. 


The stability of boom with parallel straps and the pile driver, 
on the whole, is secured crosswise by metallic joints @ and by 
analogous transverse joints in the planes of tae uprizhte J. Tre 
bransverge stability of high pile drivers can alno se provided oy 
transveree otretchers 7 from $teel cables. Joints can ce ferroconcrete 
frames. 


The mount of the pile driver sustains comaratively smal] forces. 
Tnerefore, the frame of the zachine is represented oy lightwcieht 
elements of small sections, frequently ty uprights 2, which can be, 
fn most cases, set on the Shoring of the stem of the mine snaft and 
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cannected le @ teansverse dizection. The stadilizy and the rigidity 
of tne aysatne in the plane of the main frame ix assured by using 
Joints $ and cross pieces 4#, und asso by rigid unions of tho sectional 
eleze:.ts of the aachine in the joints of the frame. 


45 12 ezpeclent to use s united vertical modulus for the designs 
of the pile driver. Specifically, the height ef all ferroconorete 
uprights and the heignt of the sections of a toom can be taken equal 
to 12m. This secures the rigidity of the system in the piano of the 
miin frome, the aliimun numdes of unione of uprights and the 
possizility of introducing of the etandard ferroconcrete wall slabs, 
ripoed or plane, with nominal sizeo, 6.0 « 1.2 (0.6) and 12.0 * 1.2, 
int? the external planes of the machine. These elabe, joined by 
aciding througn satching parts with sach other and with the elements 
cof the cacnine and unitized, form rigid discs in the asin and 
transverse planes. Not excluded is the equipaent with the confines 
cf trese 4isca af metallic frames made of horizontal cross pieces 
mid angular vertical elements, with an eaception in this inetance, 
ct Cerreecncrete uprights and ¢eross picces of the aachine. 


in this case or another the total given expenditure of reinforced 
conerete per 1 2 of surface of the walls of the machine amounts to 
O.85—-2.1 2, which corresponds to the weight of tho average machine 
of 50-103 &. According to the absolute value, this excecds the 
Weight of a metallic machine, but cne ought to take into account, 
that in this case, the mounting hardly sustains tho load cf the lift. 
In tnl« vay, a load on “he snoring of a atem with a boom-upright 
ferrocorncrete plie drives ie approximately equal to the load 
corresponding to a metallic pile driver machine. Therefore, in the 
overwheining maforlty of cases, tne boom-upright plie driver machines 
can ve diructly instalied to the shoring of the mouths of she etens 
of shafts. One aught to note, however that with a hinged union of 
tne joint 3 with tne Joints of the boom and machine a somewhat 
differen: ssttling of the voom and machine (shoring of the mouth of 
tae stem) hardly reflects the s=rength ani stability of the construc- 
Lion. 
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Pig. 14%. The diagrams of wooden hipped pile drivere: a) form of 
the frustua; b, ¢) with booms, having parallel ohords of tne trussos; 
ad) in the aosence of a rupture between the pile driver and the 
machine housing; e¢) with a vertical front face; f) wits two aachine 
housings, arranged on the opposite sides of the pile driver. 


The variations of forms of hipped pile drivers ure presented 
in Fig. 184, c, d. The relatively frequently applied form in 
Pig. 144b is obtained during the development of a section of the boon 
only over 4 part of the width of the conetruction, ehich usually 
corresponds to a widtn of the underpulley landing. Tne vcon, using 
thie form, has parallel straps, wnioh siaplifies ite manufacture. 


Tne rarely applied form, shown in Pig. 144d, corresponds to a 
case, when there 19 no rupture between the pile driver and the 
machine housing. Form e has a vertical front AB, which results in 
the reduction of the length of the elewenta of the srating and the 
simplification of the joints of tre front truss of tne construction. 
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Forn lr, <avre the triangle, formed by the voome with the base is 
used for tse vuasic, Lt 1a suiltavle during certain lifts with an 
arrapse7wnt of tae lift nmschlne or winch Crom tae opposite sides 
or toe pl.e ceiver. 


For the cuncfit of selecting forme a and b the following motives 
are given: the possivllity of placing a11 the equipment in one 
construction and the absence of the need for a special deckhouse 
cullding. a@ith haulage at the ievel planning the Eiven reasons 
Almjnish, s!nco the cout pee unit of volume of tne pile driver is 
stenisicantly higher ia cooparison with the cost of a one-story 
deexhcuce building. In general, when selecting a pile driver one 
ought t¢ sake a compa:isen of the cose and the deckhouse building 
Aaccomiing .o variants. 


Naulage in a hipped pile Uriver is usually directed paralle) 
ty the plane of lift, which can ce explained cy the simplicity 
cr the equipment, in this instance, the underpulley landing of the 
wooden pile driver. The unloading of the skips is usually produced 
also parallel to the pianes of the lift, soxetizes through brecks 
in tne front truss of the pile driver. 


Tne receiving landings, tied in with the adjacent haulage 
gallerics ase arranged at the necessary level for the mectnod of mince 
trolleys. 


Por taa bracing of the rail guides in hipped pile drivers 
special weoden nounts ade from uprights, joints and buntone are 
aaually installed, which correspond to the arrangement of the buntons 
in the stun of the mine chaft. The underpulley landings are equipped 
witn davices fur the lift and installation of the pulleys, which 
usually cenaiat of metaltic colles peame, suspended in the plane of 
une gullays to the wooden designs of the hip of the underpulley 
sanding. 
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Pigure 145 shows a hipped pile driver naving a hatgnt of 29.5 £. 
Yne pile driver has a simple grating. In thiy cage the clezerts of 
the booms, as a rule, are not crossed and are located prejloslnantis 
in one plane. Sometimes, these intersectionao are obtained’ because 
of tne different number of elenente of tna bracings. The nunve> of 
uprights of a main truss is emall, the outlines of tae rear sericanti- 
lever truss, which is used with parallel straps, are vary Simple. 
Tho underpulley landing is a beam cage made of wooden bratinze witr 
cuts ae quurters of the wood. The mounting duce not rave sracingas 
and is also composed of vertical uprights and acrizontal buntonn, 
connected dy simple notches and clamps or drawbars. 


Pig. 185. Wooden nipped pile 
driver having a height of 20.5 m: 
1 — the strap of she 990m from she 
log having a diazeter of 28C mm; 

8 ~— underpulley and transverse 
beams from oracings with rough 
edges, 2480 * 280 on; 3 — main 
joint; ¢ — mount. 


Designation: [.9. = horizontal buntens 
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Ine Amportant distinction of tne described pile driver is the 
sinpile:ry of the nain joints, in whlah there are no splines and 
complex parss. The presence of the frontai notches secures the 
unfalling werk of the jointe with the usual operation of the joints 
of woolen designs (see Fig. 151). 


Yith the solution of the underpulley landing in the form of a 
sinpie seam cage made of wooden braces sometizes there are a nuaver 
of difficulties, ospeciaily with large loads. The observed bulkiness 
of tre underpulley landing and the invectment of wood, in this 
snsbance are considerably reduced during the partial utilization of 
Subastsareu for wood, specifisally metal. Pigure 196 shown a 
diagran of s hipped pile driver having a height cf 26 m. The pile : 
driver supports two pulleys with a diameter of 2.5m. Metal is used 
for underpulicy landing equipment (Pig. 147). By using metal the 
tupporsing joints of this construction can also operate. Without 
Rolng into details, it is possitie to show that the local utilization 
ef metal it: wooden pile drivers having large diameters of pulleys, 
and ir. other difficult cases, aliowe one to solve the problen of the 
eoguipaent of heavily loaded jointe. 


b-- a 


Fig. 1"£. Diagram of a hipped 
plia ariver. 


WE AY int 
Pig. 1487. Tne union of the metallic 


underground landing with the wooden 
frames of the pile driver. 


The apount of expenditure of wood in hipped pile srivers can 
be found from the fornula, analogous to the formula of the weight 
of metallic pile drivers. The volume of wood 


Vmoll Fa, 


where ¥ — thea volume of wood of the pile driver, n; H — the height 
of the pile driver, mn; P — the value of the rupture force of tha 
cable, t. 


oc 


The character of chenge in the coefficient a can be clarifled 
by the graph, presented in Fig. 70. The valics of the ordinates in 
this case will be otherwise, tut the value of the coefficient 1s also 
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aimlnished wiur an increase in use values of the rupture forces of 
bie cabiu. 


ita sali vulues uf rupture forces (up to 15t), which corresponds 
to gulleys saving 1 diameter up to 1.6 p, the coefficient a fluctuates 
aithin tho lbliates of 0.9-1.4, and on the average, constitutes 1.2. 
7-r pulleys, 1.€-2.0 a (with rupture forces of the cables, 15-25 t) 
the coufficient a on the average, 19 equal to 2.1; for pulieye, 
2.5-3.0 a (wich rupturing forces of the cables 90-60 t) — about 0.9. 
With cugture forces more than 80 t, a further lowering of the value 
uf the aoerfioient is observed. 


Salf-htpped wooden pile drivers. Hipped pile drivers are 
characterized by a relatively high expenditure of wood in ite body. 
In connection with thie one ought to pay attention to the comparatively 
liptie known schemes of wooden pile drivers of the half-hipped systems, 
abich are substantially lightened and simplified hipped pile drivers. 


A calf-nipped wooden pile driver is characterized by diagram shown 
4m Big. 1488. Here ABCD — the body of a pile driver, where the : 
certra!l parallelepiped A¥PT corresponds approximately to the overall 
size of the machine, PRST -— the boom, in moat oases, plane and with 
ereat larce length, reinforced by auxiliary uprights in the fora of 
a tranrverse frame, PC. 


fhe descridud above solutions of simple Joints of hipped pite 
drivers are quite cpplicadle “ven to half-nipped pile drivers. The 
erasing of tae latter, especially in planes AB, CD, #P, HT, should 
bo-sirgle and clear without ar intersection of bracings in one plane. 
Teansverse franes 48 and 2D should be rather rigid in the lower part, 
utbicn can be guaranteed by the utilization of a rigid cross piece f 
(Pig, )48.), supporting bracings, and elso span beams, 4B and CP, 
The joints of the pile driver can be sccepted as in Pig. 151. 
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The sheathing of the pile driver 18 done according to the autlian, 
ABCD. The boom is covered with lightweight roofing on the sathing 
in a plane, Pars, with the boards predominantly ascording t¢ diucrax 
vb, and sometimes according to diagram c. In a number of ecasec it is 
necessary to extend continuous sneathing also on o plane, LATS, 1.v., 
fully enclose the pile driver. Local shelters, in al) cases, ougnt 
to oe referred to, attentively, and it is necessary to provide a 
Qualitative made shelter with the lap of the roofing not lors than 
200-300 mm lower than tne overall] size of the rod under the condition 
of the simltaneous realization of the ventilation ¢f 411 curfece: 
of the xoad. 


Half-hipped pile drivers with a reduced boom, half-boon (Fiz. 
1u6c, 4) aiffer in the arrangement of the boon, directed from point 
& not to point 7, and at joint 4, which is solve:) rather simpay 
(eee Fig. 151c), and the gost important joint of u eile driver is 
tn thewe diagrams. At joint f' the direct tranymission of the forces 
from rod MP’ to rod ?3 ie usually secured. Tne latter, specifically, 
in poseidle with syanmetrical cover plates on the loits, subtending 
the shown two rods and the upright, 7D, xhich in the given joint, 
is not interrupted, With double elements T'S the Junction plate 
of rods, MP?‘ and T'S can be arranged even aore sizply - oy means of 
a direct overlap of element Wf' and upright, 7D. 


The length of a boom in its retuced arrangement in a holf-hip 
Pile driver can be aubdstantisally reduced. The utilization of a aalf- 
hipped pile driver with a reduced boom 1s quite expedient with the 
relatively wide body of the pile driver #7, with a smal] and average 
height. Furthermore, if it is necessary to usa a relatively steep 
boom, consisting of small angles with the plumb-line, transitiona? 
to a reduced boom (to a half-voom) considerably better angles of 
ebutzent are assured, which has special importance fcr wooden designs. 


&t @ reduced arrangement of the boom and its sxall length it is 
frequently expedient to use metallic half-bocas; thus, for instance, 
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in wiagran ¢ (Fle. 182) tne vcom in section T'S cun be made from two 
separate metallic raxix without joints. A sinilar very simple mactallic 
nalf-voen cf smali length 12 frequently simpler for manufacture in 
comparison with the nurgal fuil-size woodon boom and sigplified boom 
TS of a nalf-nippyed pile driver accorutng to diagram a (Pig. 148). 


€ ae ¢ 
2 & 
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Fig. 196. The diagrams of half-hipped wocden pile drivers: a) frame 
cl a half-nipped pile driver; b, c) local shelters of the wooden 
clesents of tne boom of a pile driver; d, ¢) half-hipped pile drivers 
with o reduced Voom c) and with half-vcem 4); 7 — rigid crose 

Flece of a traneverse lranc. 


Pi.o drivers with a reduced boon are faced along the outline 
A8CD, the boom T'S is covered, as shown in diagrams b and c (Pig. 146). 
Tne metallic half-beoms are stained with o11 paint using to conts. 
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One ougnt to pay attention to the features of che ubilizat ian 
of the half-boon, tne presency of which creates tiv need to introcuce 
cClenonts, supporting the joints of the boom on the rear (transverse; 
truss of the half-hipped pile driver in the plane ©l. T[aese eleneats 
can be vertical or horigoncal. The horizontal elements — are simp:er 
and can bo combined from one of the cross pieces of che frame of the 
pile driver. One also ought to have in mind tnaat croos piece Hr 
(Fig. 1964) eustains considerable tensile forces, «hich siould be 
sustained in joint ¥. At the joint fT to the rear truss of the file 
driver considerable vertical loads are tranamitted, the consequence 
of «which this joint, aa well as joint #, should have reliabdic sizple 
notch-stops and tension devices. 


Malf-nipped pile drivers with booms and half-voons lr, conparison 
eich corresponding hipped pile drivers require considerably less 
expenditure of basic material. The expenditure of weod ir the cocy 
for half-hipped pile drivers approximately constitutes 


V0 08—O7H) Pa, 10. 


Half-nipped and hipped pile drivers do rot rest on the snorting 
of the mouth of the stem of the mine shaft. Tao foundations of sheve 
conetructions most frequently are eeparately etanding concrete or 
ferroconcrete monolithic and sectional columns. 


The expenditurs of aetal, necessary for tae ranufacture of 
bolts, velts, washers, cover plates, of segmenss of rolley proflica 
constitutes 30-60 kg/n of the wood in the tody. eener Steuraa 
pertain to hipped pile drivers. The expenditure of matal.‘:c articles 
@nd parts on one hipped pile driver wits a height cf avcut 20 nm, 
and frequently constitutes 3.5-4.5 t. The capenditure of metal 
during the manufacture of any Joints from avtal (for exumple, the 
joints of tne underpulley landing) increases. 
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Meghine sounted and ocher wooden ptie drivers. Tae diagram of 
tae wooden pile driver cf macnine-nounted systea differs somewhat 
from the usual acneme of a metallic pile driver machine. Thus, for 
instance, the bracings of the wouden boom is not always suitable 
With an increase in the width of the boom the sizee of the 
protective coating against atmospheric moleture increases respectively, 
wich leads to an increase in wind resiotanca and it approaches the 
design of a hipped pile driver. On the other hand, the transvaree 
bracing of the boon, made comparatively simply with a emall height 
of pile drivers, 18 considerably hampered with an increase in heigat, 
1.¢., when Lt 1s especially necessary. In connection with this the 
transverse stability of machine mounted and diagonal wooden pile 
drivers usually io agsured because of the necessary broadening of 
the mashine. 


Figure 189 shows diagram of a wooden machine mounted pile 
dciver, Tne height of the construction is 17 m, the guide pulleys 
have a diameter of 1.5 m. The haulage is done parallel to the planes 
ef lift at heights of 7.5 m above tne level of tne surface. The 
mounting of the pile driver is coeposed by five standardized trusses 
wlth parallel straps, from which the three central ones are in the 
planva of the suntons of the mine stem. Tre rail guides are fascened 
directly to these three trusses. Tne horizontal spacers of the 
trusses are simultaneously the buntons of the machine mount. The 
lower sections of the uprights of tne chords of the trussed at a 
nelghe to 6 a sre reinfurced with additional uprights, supporting 
the underside utop vears of the receiving landing. The underpulley 
landing consists of underpulley and transverse beams made of wooden 
tracee, oonnected with the help of very simple retangular notches. 
Stalra on Une underpulley landing are placed in one of ths ccmpartmenta 
of tne machine. 


Tne vooa consists of three fraces, arranged in *he planes of 
tne three central trusses of the machine zount. Cover plates 
necessary for the transzivaion of forces to the adjacert structures 
of the underpuiley landing and to the foundations of the construction 
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are provided for tne uprights of boon in supporting anc upper joints. 
deuides tne horizontal joints the boom has dingonal braces nace of 
metallic drawbars. At two levels the boom ‘s connected with che 
elements of a machine mount with cross pieces, in ti: plane of anich 
horizontal lightweight metallic joints are located. 


Ses ST 


U7 ND 


VN 
TY Na 
Sep 


Pig. 149. The diagram of a 
wooden machine mounted pile 
driver having a heignt of )7 a. 


All the wooden elements of the booms are protected cn three 
sides, by painted roofing iren. The mount and hip of the head of 
the pile driver have continuous sheathing. 


The average value of a coefficient a in the formuls af the 
volume of wood in tne body for machine mounted and diagonal plir 
drivers ia equal to 0.4-0.6; the volume of wood In the Sody constitutes 
about one half of the corresponding volume in hipped pile drivers. 


The described nipped, half-nipped and machine mounte? wooden 
pile drivers are convenient for a haulage ir, a directicn, paraliel 
to the plane of lift. Tae haulage crosswise ror <neae pile drivers 
is possible with the acquisition of a cage lifs with « countervalanco. 
In all these cases tne pulleys of the .ifts ure lucated on one uncer- 
pulley landing. 
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Naulage crosswise during double-cage 1:f: «ith an arrangement 
of tha pulicy:s 1ln ane vertical plane on two underpusley landings for 
all cha cauacrated woouen pii¢ drivera is hampered and not used. 
An exception to tala cule are the various complex dosigna of the head 
of pile drivers. ‘Nius, for instance, with ua »?pped, half-hipped 
and macetaz cunte] wondan pile drivers it 1% possible to place one 
pulluy over the otner pulley by means of intruducing heads of epecial 
metallty coupled trusses with ri¢gsjd lower chords (Fig. 150a) into 
the composttion. The additional expenditure of aetal structures using 
pulleys with diameters of 1.6-2.5 m constitutes 3-5 t. 


Pig. 193. The head of weoden pile drivers wits an arrangement cf 
che pulleys ia one vertical plane: a) head of a hipped, half-hipped 
and macnine mounted pile criver; Lb) the head of a diagonal ptle 
driver; 2 - wooden frame of tae conetruction; 2 - coupled metallic 
tpusses with o rigid lower strap; J - underpullay trusyes; ¢ — 
transverse beans. 


The wooden, pile drivers of the ulagonal system, 79 a Zzeater 
extent, are suitable for tne double-level arrangement of pulleys. 
Pigure 150b depicts the head of a wooden diagonai plle driver during 
double-cage lift with hauiage, pespendicular to the plane of Lift. 
Tne pile driver having a height of 20.5 m carries tro pulleys 
with a diameter of 2.5 m, arranged in one vertical plane co: two 
variaole underpulley landings at a level of 20.6 an¢ 17 a. 


The boom of a pile driver in its upper part hue parallei straps; 
the width of the boom ia somewhat tens than the width of the oacaice 
mount. The short longitudinal rods of the boom directly custain 
the loady from the lower pulley, transmitted throu) the grating 
of the boom to its straps. The rods of the strapa of a Doce ustend 
nigher than the lower of a lower unéerpulley landing to tne level 
of the transverse metallic paired beam, which intersects tha central 
plane of lift above the overall size of the lower pulley. “he 
transverse bean is fastened to straps of the booms anu cv the machine 
@ount. The two underpulley trusses set on the transverse bear are 
connected with one another outside the overall sizey of the upper 
pulley by orcadside traneverse beams, one of which is fastened tc the 
machine mount in its external plane, which assures stability of the 
underpulley trusses with the random assembled loads cf the upper 
underpulley landing. 


Por tne descrited diagonal pile driver 56 no wood 15 necoasary 
in tie body and 4.5 t of netal, including the weight cf the 
structures of the head and joints (without the weight of tne sut-pile 
driver benms). In this woy, coefficient a in the formula of the 
expenditure of the wood of the pile drivers is equal, in tris cane, 
to 0.46. For a metallic machine mounted pile driver, unier annlegous 
conditions, atout 40 t of metal structures would be required. 


Tae joints of the pile arivers are characterized by the presence 


of sonsidsrable dynamic loads, developed landings of nocches for the 
transvission of forces, and utilization of very simple notch-sotups. 
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Woe Lavtes 13 avcessary for the rellasle transztasion of forces 
und for provicing a nermai quality of operation for the joints. 


Tas chief loada of pife drivers - tae loads of the lift, which 
avy Srangmlttead to the construction at tne levele of the underpulley 
landing, are not canstent, and continuously eppear and are removed, 
und the applicntion and the iiquidation uf loads are accompanied 
ty Serac {n various directions, by vlows to the hauling veasels and 
co fortn. With spweial (practically inetantly appearing and juot an 
vapid:y disappearing) loads in the wooden pile drivers it le necensary 
=O consider the unavoidably appearing dangerous reactive loads, 
Cr-quenzly not paid attention to. 


Allowing for the given design cf the main joints of the 
constructicn one should salkculate the possibility c* temporary 
alternating forces in the Joints. In the rods, adjacent to those 
joints, one ought to create 3 certain preliminary compression, 
whicn prevents the Joints from opening and prevents the loss of forp 
witn operational loads. ‘These measurco pertain ta Joints at adjoining 
underpullcy landings, tu the unions of tse boom with the body of the 
plla dsiver or a aactdnu mount and to basic supporting joints, where 
ene cugat to provide anohor sults. 


Tae simp)icity of the Jointe has a suostantial value. The 
jointo, presented in 91g. lbla, b, ¢, are examples of simple Jointe 
cf tipved, nalf-bipper, macalac mounted wooden pile drivers; in 
Pig. L5id ane Pig. 150d — diaxonal woolen pile drivers. The use of 
metullle boom somewhat sieplifies the Jcines because of tha more 
convenient bracing bolt connections to the metallic structures of 
thy uvoa, Quovral principles of the conservation of wooden designs 
should 2e applied in the sclutlon of Joints, ood in the Joints 
yhould we protected net oniy from the direct effect of atmoapharic 
molyture, bub also from condensational moisture on the metallic 
surfaces. Ts avoid the accusulation of moisture, the joints with 
Une atilizatlon of avtal should not be enclosed, which olso facilitetes 
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geod ventilation. ir. the planes, where the convact ci tae ccoc 
with the metal on a large surface is unavoidalle, one ought to 
perforate the actal, and the «ood is theroughly protected cy the 


padding of a ruberodid and sanitized. 
should be sanitized to a height up to 


Hear the foundations the #cod 
lp. Sanitasion skculd aleo 


Ve applied in all necessary and doubtful cases. 


Pig. 151. Tae@ basl:s joints of wooden 
pile drivers: a, b) acutment of the 
Soom to the rear trusses of the pile 
drivers; ¢) abutment of the boom to 
the rear trusses and braces to the 
front trusses of pile drivers; d) 
abutacnt of a boos to the underpuliey 
beam; 2 — a boom; 8, 3 — underpuloy 
and transverse beams; ¢ — tension 
equipment; 6 — oracing. 
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‘n all critical jeints, where the accumlation of moisture is 
poastple, and ventilaticn linited, especially for seai-enclosed 
raskets, asd abutments to actal and concrete in the supports 
and in other cases, the utilization of laron; a wood which is 
characterized by Wigher resistance to rotting and by uiga mechanical 
Smiexes 19 recommended. in remaining cases for the marufacture of 
voly of phic drivers one ought to apply selected pine wood. 


Of urcat signtficunce for the preservation of wood in a 
sonatcuction 43 the Jevel of its arrangement. in all possible cases. 
it te recomsyncud to raise the concrete and ferroconcrete support. 
of the gile drivers to a height of not less than 0.7 m above the 
surface of planning. Only in extreme casez a reduction in this 
neight +o 0.5 m 15 possicie. Under alne conditions one ought to 
considar the Inevitable increase in the level of planning during 
operation. It ls recommended to arrange space prop walle made 
cf ferrceoncrete slabs between tne foundation posts. 
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Fig. 152. The dingram of a wooden 
malf-nipped pile driver with a 
metallic boom: 2 — wocdan designe 
of a half-nippeu pile driver; 2 — 
metallic boom made from two channel 
bars with a grating made from light- 
seigot anlex, 
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Pig. 153. The pile driver of 
@ complex design using rein- 
forced conerete in the lower 
part and wood in the upper 
part of the construction. 


Various complex designs of pile drivers are known, Dased upon 
the utilization of wood and other material. Figure 152 gives a 
diagram of the pile driver of a nalf-hipped system with wooden body 
of a pile driver protected from moisture, und spread crosyxise, and 
witn a flat wetallic boom, The boom, which possesses, in this case, 
Parallel straps pade from channe] bars and the simplest grating fron 
ligntweignt angles, is fastened to the concrete foundation and to 
the sachine mount of the pile drivar with bolta. ‘The adjoining of 
the boom to the machine mount was accomplished by one cf the sinpleas 
methods, shown in Fig. 151c, using a horizontel chanze]) Lar. This 
pile driver is ueed at one of the Ural minen for nore than 20 yeurs. 


237 


Figure 153 snows a wooden-reinforced concrete piie driver at an Altay 
ginc. In tale case tne xooden pile driver, whioh nas a height of 
About 14.3 m, is set on ferroconcrete supporting frames having 6 


hetyit of 21.3 9. In this way, tne complete height of construction 
fe cyual te 25.6 x. 


On the basis of the combination of wooden and other designe 
wits cable steel guy wires and stretchers there can be a numer of 
complex dezlgns of the pile drivers which are deecrived in the 
examination of metallic pile drivers. 
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6. Sinking Pile Drivers 


Sinking pile drivers are @ type of a deckhouse structure with 
guide pulleys and are examined here quite briefly. NMuring the cxamina- 
tion of sinking pile drivers one ought to have some information avout 
the driving and sinking equipment. 


Driving by the usual means amounta to the breaking of the rock 
predominantly with shot-firing work, the loading of the rock into 
lift vessels, the lift of the rock to the surface with its transport 
to the duap. Simultaneously with these activities a permanent, and 
sometimes temporary shoring of the stem of the mine shaft 1s erected 
drainage is provided with the aid of suspension sinking pumps or 
puokets and with the ventilation of the face. The ventilation ducte, 
compressed air lines, for the descent of the concrete aixture, 
cementation or plugging, the cables suspended by ropes; recently 
the suspension of pipes and cables has been done on the walle of the 
enclosed shoring of the mine shaft. 


The lifting of rock, descent of material and structures ts 
done in buckets having a capacity of 0.5-3 x}, Cablos spaced symmetri- 
cally on two sides of the bucket usually serve as guides for the lift- 
ing of the bucket. The guide frame of the bucket lift slides past 
the cable. The tension of the guide cables is produced using a 
winch set up at the surface, and the lower end of the cables are 
attached to the taut metallic frame, or the strained safety flange. 
The buckets are aleo used for the descent and lift of passengers. 


The erection of a permanent shoring is dons using & metallic 
suspended flange in which there are a number of openings for the 
passage of the suspended puaps, pipe lines, sinking buckets, rescue 
stairway, and 60 on. 


The reinforcement of the mine shaft (laying the buntons, 


suspending the guide rails) is done using suspended flanges und cradles 
For the lifting of the adove sentioned and other equipment, a number 
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of helating winches are used, the number of which reaches JO or nore 
for the driving operation. Sinaing equipment is suspended from steel 
cables, guided by pulleys, set on the sinking pile driver whose load 
is tranamitted to the sinking pile driver. Only recently has there 
doen @ shtrt of the loads from certain equipment to the enclosed 
reinfrorcerent of the nine shaft. The driving of the shaft stem using 
4 methou without a pile driver merits special attention when the 
pulleys are not attached to the sinking pile driver, but to the 
construation in the mouth of the mine shaft stem. 


Metallic and wooden sinking pile drivere should be regarded 
as stoch-vupplied, usable for driving certain mine shafte and maintain- 
ubie in s ready state for driving routine shafte. Recently, metallic 
sinking pile drivers, mcst suitable as stock-supplied equipaent, 
are predoainatly used. 


In distant and remote areas, with shallow shafts, small oapacity 
sinking buckets can be used along with wooden sinking piles drivers. 
The driving with wooden pile drivers ie also expedient in shallow 
stems of exploratory shafts when the pile driver is put to actual use 
following the driving. 


In the enumerated cases the siaplest schemes of setting up the 
sinking ¢quiprent with the miniaup onount of mounted lift machines, 
winches and correaponding pulleys on the pile drivers, are used. 
Figure 154a shows a similar scheme of the layout of sinking equipment 
for a stem of a mine shaft, and Fig. 154d repreaents @ schene of a 
small wooden einking pile driver 13.5 = high. The pile driver hag 
a nunber of features. The planes of the pulleys are parallel to cane 
planes of the three asin trussee of the pile driver, which are located 
at eqiudistant from one another. Bach min truss is coxsposed of 
two supporting triangles, located a certain distance from the sten, 
and wite a three-way swivel arch with metallic stay installed cn 
them. The joints of this structure are forged by sinple front cutting- 
otopa (Fig. 155). The underpulley landing is repreeented by cribsork 
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beam cage with underpulley ana transverse beams made ‘rom bars wlth 
rough edges, cut into quarters made of wooa. Sanitized founda’ lor 
beams or concrete pillars are used as foundations cf 2 pile driver. 
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Fig. 159. The siaplest disgram of the 
arrangement of sinking equipaent for the 
stem of a mine snaft a) and a @iegran of 3 
small wooden sinking pile driver b); 1 - 
lift machine; 2, 3 - pulleys; % - buckets; 

» 7 - Cadles; é - sinking pump, suspended; 

» 10 - winch with mechanical and manual 
drive; 9, 11 = pipelines; 12 - pneumatic 
loader. 


Pig. 155. The subapsexbly cfr 
wooden sinking pite driver. 
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Tne +otal nunber of pulleys, installed on such a wooden sink- 
ing pile driver, usually does not exceed 8-12. ‘The designs of the 
described type of pile drivers differs in simplicity and reliability, 
and shey have an allcwance for a certain overload and are repeatedly 
used with goo4 results for driving shallow stems of mine shafts in 
the Urels region. 


Needed for the manufacture of a pile uriver with an underpulley 
landing a machine mount and planking are 50 to 70 a? of wood and 
2-3 t of metallic items (belts, bolts, cover plates, washers). 


Lightweight metallic sinking pile drivers used under analogous 
conditions usually have the outlines of a frustum with a height of 
avout 14 » with a square base 6-10 m on the side. These pile drivers 
are characterized by the presence of diagonal connections in the basic 
planes, and by the use of pipes for bars, struts and crosapleces. 


The number of pulleys on the underpulley landing usually does not 
excced 30-12, The weight of the lightweight connections of metallic 
tubuler pile drivere with flanged main unions, used for the simplest 
schemes for the arrangement of sinking equipment mentioned here, 
constitutes 15-20 t. 


In the copper ore industry metallic frame sinking pliec drivers 
are used, Main frames of these pile drivers sre characterized by thei 
comparatively large span at the tase, which attain 15-20 m. at 
heights of 10-:4 m above the plarning surface crosapiece of the frane 
ly placed. The span of the crossplece because of the slope of the 
uprights of the pile driver frame is equal to 5-8 m, the heignt of a 
pile driver is 16-20 m. The croespiece and the inclined uprights of 
the main frame of the pile driver - welded in a continucus double-1T 
zectlion. Por less heights the uprights are composed by rolled 
out le-T Ho. 55a beams with shests; with a height of a pile driver 
al 20 % she section of the uprights - variable with the height of 
the wal) of the double-T (made from sheets, 10 am thick) - towards 
the top (at the level of the crosspiece) 1000, towards the bottoa 
faz she levei of the foundation) 500 mam with strape, 250 « 25 am. 
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The main frames ero set at a distance cf 4.5 a. varing che 
driving of the stems 7-8 m in Giaweter the pile driver is supplemented 
by two auxiliary frames. All the frames are urited by grated connec- 
sions from the corners. The underpulley landing of the frame pile 
driver is characterized by the presence of convinusus flooring made 
of beams. Above the flooring sinking pulleys are inutailed on the 
auxiliary structures. The sinking winches and lire machines are, as 
a rule, set parallel to the planes of the frames of the pie drivers, 
in connection with the fact that the possibility of she pulley device 
on the underpulley landing is somewhat licited, but the number of 
additional deflecting (stop) pulleys j6 relatively increased. 


The basic type of sinking pile drivere are the metailic 
connecting tubular stock-supplied sinking pile drivers, 1s wice-y 
used in the coal and ore industry (Fig. 156). The pile drivers serve 
for the driving of stems at a depth of 200-1050 a, with a diameter up 
to 8m, Pile drivers of the assemble-disaseendle type ¢an also be 
used on several headings. The assembling of metallic structures 1s don 
on rongh bolts. Most frequently four types ef pile drivers are used 
for driving the stems to a depth tc d00 m; and with a diameter up to 
7.5 m (Pig. 157); their characteristics are give in Table 28. 


Pig. 156. The upyer part and arderpulicy 
landing of stock-supplod mrtailte cinkirg 
pilo @rivar, 
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Fig. 157. Oiagram of a stock- 
Supplied, asseable-disassembdle 
metallic sinking pile driver. 


Table 28. 


Trpe of pile driver 


Designation of the indexes 


Qepth of the stem, a... 
Olameter of the stea, &. 
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bom» of the wwlerpulley lawing?, B.. 


Tavle 28 gives data on only the weight of the main beans cf 


the underpulley landing, «hich are located on the landing and at its 
For the first two types of plle drivers the average beans - 


middle. 
In this 


Single, fer the pile drivers of type ILI and IV - double 
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way, the distance between the main beazs of the lancing oes not 
exceed 3.3 a, which allowe naving comparatively small seccions of 
a@Quxiliary (underpulley) beams. 


The arrangeosnt of the auxiiiary beans of the underpulley 
landing le taken in each separate case, depending on the arrangenent 
of the sinking equipment in the cten and the arrangeme:.t tn the 
pinking lift machines and winches at the surface. ‘The sections of 
beams are taken in accordance with the loads on sinking pile drivers 
mentioned below. The weight of the zetal structures of eecordary 
beams in a nuwber of cases is found to be within the limics of 4-10 t. 
The designs of the unloading landing also are taxen in acoordance 
with the looal conditions of driving, which corresponds to the expendi- 
ture of the metallic designs approximately equal =o 5-8 t. 


The total weight of the metallic structures of tze sinking 
pile drivera of types I and II, constitutes on the average of akout 
35-40 t, but pile drivers of types III and IV, 50-55 t. 


For the driving of the stems to a depth of up to 2-00) a, with 
a diameter up to 85 inclusively, pile drivers of type ¥ with & nvigant 
of 18.6 m along with a spread of the uprights ut the base of the pile 
driver, 14 « 14 a, and an underpulley landing of the eize 7 * 7 n, 
ina plane, are used. The total weight of this sinking pile driver 
constitutes 60-65 t. 


Pigure 156 gives ea diagram of the arrangenert ef the sinking 
construction of the atem of an ore mine shaft. Aa a rile the lift 
machines of the bucket lift devices are set along the large axis of the 
landing of the sinking construction. Ir most cases all the sinking 
24ft machines and winches fall in the plane of a rectangle with aides, 
80-120 « 40-86, and as a first approximation, 100 = 60 nm. 


Loads on the underpulley landings of the sinking pile drivers 


are set by a scheme of driving and they are determined ty the weight. 
of the sinking equipnent (Table 29). 
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Pig. 158. The diagram of the arrangeaent of the sinking construction 
tcr a vertical stem of an ore mine shaft: 1 - stock-supplied sinking 
pie driver; 2 - heusaing of the lift machines; 3 = groups of sinking 
winches; 4 - temporary electric substation; 5° - ventilator; 6 - mobile 
compressor; 7 - mobile power station. 


Table 29. 


Cesignation of the equipment 


erheht ates on Shamier sf ea (oR ate anata, 
Rescue cteirs with Ure dizmter of stem up to Pe ; 


‘The, sane 


Mack busier, with a capeity of 2 0, 29 
‘The sano > # 
° 

63 

Quoket vith @ capacity of ry s cy] 

4 7 pr 

erm suspeasion }— hae a 
singh pipe oF 3 ciekoters 100 fae olth valer ab f'n: is 
eottastion Bi pe Of & Cimmter of brad metis. ant 
=, wate ateme tar af 2 aor 
rested aif pim hr) a dimever tor oor 

Lv] 

ie] 

23 

22 


Tae weight of the sinking bucket in Table 29 is presented allow- 
ng for vhe weight of the housing of the bucket, trailer equipment, 
guide frames, rock, or material and pulp. The weight of the pumpe 
1s given allowing for the weight of the worker with his tools. The 
weight of the sinking flange with the diameter of the stems at 4.5, 
6, 7, 8m, respectively, constitutes 7, 10, 14, 18 t. The total 
nelgnt of tne loaded flange depends on the design of the shoring and 
crgantzaticn of the worg during the driving of the etem. for the 
diameters cf the steas enumerated here the weight of the loaded flange 
can cuouzrlac 15, 18, 25, 39 2. Iacluded here Is the weight of the 
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containers, the instrument, concrete blocks or bsick, mortar, conorete, 
quarryetone, winches with pneupatic loaders and chu weight of the 
workers, on the flange. 


The velue of the stretching cable guices ie assumed to be equal 
to the load-lifting capacity of tho appropriate winches. ith the 
depth of the stems up to 200, 500, 800 m winchea with 2 lead-32ftisg 
capacity of 3, 5, 10 t respectively are installed. 


During the determination of the forces in che cables one ought 
to consider the means of suspending the sinking equipment. Buckets, 
sinking cages, rescue stalre are usually suspended froz one cutle. 
The suspension puppe and the fixtures of drainuge, ventilation, coxz- 
pressed air ard cenentation pipes are sucpended on two cab-es. The 
sinking flanges are suspended from one, two and four cables. 


The normative load of the cable of a bucket or a pugp ia 
determined, for example, by the sun of the weight or halfeweight of 
the equipment and the weight of the cable. Tne sun total breaking 
force of the strands of the cable should excee¢ the given load by 
5-9 times. Specifically, during the lift of a loaded bucket the 
margin of safety should not be less then 7.5, but during the litt 
of the rescue stairs and the bucket with passengets - not leay than 
9.0. The safety factors for cables of the drainage pipes, pumps and 
sinking flanges should not be less than 6, but for catles of ventila- 
tion, compressed air, and cementation pipec, guide cables, which - 
not less than 5. 


During the calculation of cables the ccefficients of overload 
do not have a value, In the calculation of designs of sinking pile 
drivers the coefficients of overload for temporary loads can ba 
assumed within the limits of 1.3-1.4, pertaining te large values for 
work loads of flanges, rescue stairs, buckets. ‘The coefficients 
of dynamicity, connected with the work of the bucket, la particular, 
43 not considered. The corfficients of overload a+ app-ied te the 
intrineic weight of the tucket, flanges ara «qual to l.J-1.2. Con- 
sidering the difficultles, connected with tho separatios of the 
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numercus loads from the squipment, it is possible to accept an 
averages coefficient of overload for the ‘oads of the majority of 
sinking equipment, equal to 1.3. The obtained calculated loads in 
this instance, specifically Sor loads of a sinking flange, can be 
specified. 


The coefficient of overload for che itntrineic weight of the 
denigns of the pile drivero (fromes, auxiliary beams, planking), the 
weight of the cables and pulleys io equal to 1.1. 


ia individual lesa clear ard wnetudied cases thie coefficient 
le assumed to be equal to 1.2. The coefficients of overload for 
winuy and sncw loads ‘n accordance with the data of the Constructidr 
Standems and Rules, are equal to 1.2 and 1.4, A temporary and - 
evenly distributed load on the underpuliey landings constitutes 
160 keg /n* with a coefficiten: of overload of 1.3 


Me effect of tht working loads of cables, the weight of the 
pulloys and weight of the desianse (allowing rer otzer uaunlly appearing 
lyads) 28 considered as the Sesic combination of loads. The same go*3 
for the effect of the wind as ar. additional combination. The effect 
of the rupture of the cable 3f one bucket during a double hoisting 
load ir the cable of the corjugate bucket with the same lift and 
working loads in all the reasining cables, allowirg for tna weight. of 
the pulleys and etructurssr as well ag the wind, “3 considered to be 
@ special combination of loads of a sinking pile driver. One ought 
to cons:der cases of rupture cf cach cf the cables of the huckcs 
lifts. The rupture of the cable of these lifts is possivle in 
connecticn with conelderable velocizies of motion of the vessele. 

The rates of motion of tne ceesining sinking equipment are small; 
therefore, cases of rupture cf the corrasponding cables urder usual 
conditions do not take place and they are not taken into acccurt. 


The soefficient of overload of the rupture cf a cable should 


be taken equal to 1.4. Allowing for thie special load the value of a 
calculated tamporary load accordingly to the Construction Standards 
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and Rules is aultipliva by the coefficient 0.8. The given vaiue of 
the coefficient of overload with the rupture of the cabie is tre least 
peraissible valus. 


7. The Prefabrication of Pile Drivers 


The complexity of prefabrication of pile drivers involves 
not only difficulties connected with the development of thee or 
sore other designs but also the complexity in the problen, the need 
fur the simultaneous tying in of the problems cf the lift, tre 
over=all elze of the prefabricate) vessels, their entry into the pile 
dr. aulage and unloading «ith preZabrication as the sclutions of 
the . 

~ 

The labor input of prefabrication 1s deterrined by 4 ccnsider- 
able number of combinations of scheses of pile drivers, which are 
governed by many factors. Nevertheless, the prefabdricetion of pile 
drivers ie possible and it shouid Se developed. Effort in this 
direction has actually just started in the ore industry. 


In the coal industry prefabrication exists in a part of 
etandard metallic pile driver machines. Prefab>icetion has encon- 
passed ekip liftc -: .: skips of 3, 4, 6 and 9 t, and ltfta with over- 
turning cages for :...-ton and three-ton trolleys. The eight of the 
skip pile drivers is 31, 34, 43, 45 m, the cage - 29.5 0. 


The levels of the receiving funnels of the skip gle drivers 
at heights of 31, 34, 43 and 46 m constitute 17, 20, 2g, 32 a, 
respectively. The diameters of the guide pulleys is accepted as equal 
to 3, 4 and $2. 


One ought to note that the calculations of standardized pile 
drivers are conducted for two diagrams of skip pile drivern having 
heighte of 38 and 46 w, and for one diogram cf a cage pile driver, 
i.e., for all three diagrans, with their overall nuntor, 27. 
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Por the calculated diagram of a skip pile driver having a 
height of 34 m skipe with a load-carrying capacity of 6 and 9 t, 
pulleys of 4 and 5 m with a breaking force of the cables of 96.6, 
113.0, 161.5 t, @istance fo the lift machine from the axis of the 
stem, 29,5-52.5 m are accepted. . 


The diagrams of skip piie drivers having a height of 34 and 
44 w are given in Pig. 118; the diagram of the cage pile driver is 
givon in Fig. 119. 


Nhen prefadricating mine pile drivers, one should primarily 
consider the single-hoisting mounted and diagonal pile drivers with 
plane and ptane improved booms in a lover part. 


At a considerable height of the construction it 18 expedient 
te consider the same flat mounted or diagonal pile drivers with 
their specified stretching cables, directed outside the plana of lift. 
The designs of these sile drivers at least are wubject to change with 
the increase in the height. ‘#itm an increase 1: '3 height of the 
pile uriver xithin serzain limits, for example, 3 and 6 m extra panel 
inserts can Se added to Doom and fraxe of che mount of the éiagonal 
pile driver, but strecshing cables are correspondingly somewhat 
lengthened. This car se augmented vith the retention of sections of 
the elements of the boom and cables and tne invuriability of the 
designs of the abutting Joints of the cables to the foundations and 
to tne pile driver. Approximately the some volume will correspond 
to @ sertuln increase in the height of the mounted flat pile driver 
Kita atrncehing cables and no forth. ‘Tne earlier enumerated pile 
arivers of type Si~1, $T-3, Rel, 3-3 to a large degree are suitadle 
for prupoees of prefabricacisn. 


The prefadrication of frame pile drivers 1s comparatively morc 
easily aztained because of the amall quantity of various Jointe and 
the abseroe of bracings of the grating. It ia ubvious that the ine 
dicazed advantage wii. be acst successfully accompliahed using & 
scmbinatiorn af Srame decigr. with the most effestive system in relation 
Le typificatior:, 


250 


In this way, Detter results in prefabrication of sna-1 frane 
pile drivers with moderate loads should be expectey as 4 result cf 
utLlizing the following designs: 


ST-1-P - mounted rigid frame pile drivers with urimproved 
docme from the plane of lift; 


R-I-P - diagonal rigid frame pile drivers. 


With the increase in the loads ard height of the structure 1% 
is expedient for the purpose of prefabrication to subsequently consider 
the utilization of the following mounted and diagonal pile drivers: 
flac grated pile drivers; rigid grated pile drivers with a flat 
boom, spread out crosswise in a lower part; float grated pile drivers 
with stretching cablea, directed from the plane of the lift. 


During the examination of the problems nf the prefabrication of 
ferroconcrete and reinforced concrete pile drivers, one should ¢ri- 
marily consider the bracing-upright flat and 1lat sectional reirforced 
concrete pile drivers with stretohing cables. 


6. The Manufacturing and Operating Procedure of 
Nine Five Drivers 


Deckhouse pile drivers are the most critica. atructures at 
the mine. ‘Ihe normal operation of the pile drivers is associated 
with the lift and the descert of passengers; furtheracre, pile 
drivers serva to lift the ore, cpoil and various aaterials. In 
connection with this, there are high requirener.tc set fer the aanufac- 
ture of pile drivers. 


Inasmuch as weldod metallic pile drivers cf significant oizeo 
are predeainantly used in minea, which frequently handle severa_ 
lifte avd which receive large Loads in tho process of cpsration, she 
control for tne quality of thn manufacture ané the current state of 
the steel designs of the pile drivers, manufactured using welding has 
apectel value, 
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The welded structures of pile drivers sre made from carbon steel 
ef conventiona) and high quality, from carbon steel for bridge build- 
ing and, partiy Srom low-alloy structural steel. The carbon steel, 
and also the lew-alloy steels, used for the manufacture of steel 
otructures, should be adequate for the requirenents of the Construction 
Standards and technical Conditions. Since pile drivers ere ectually 
used ever, at low temperetures snd sustain various dynamic loads, 
then the steel should satisfy the requirements of impsct toughness at 
@ negative temperature. 


Apong the group of carbon ateels meeting the requirements for 
atcel structures of pile drivers, there are ateele M16S and VSt.3 
{GOST 380-6¢ and G0Si 6713-53). 


Carvon hot-rolled steel for the welded bridge structures of 
brand H16S (GOST €713-53) 1s recommended for use in making the e:ezents 
of tne structures, whicn directly sustain dynamic loads (underpulley 
trusses and beans, transverse trusses aid beams, and other separate 
elements of the head of the pile drivers; underside stop beams and 
truanes; atructures, sustaining the loads of rolling stock, the blows 
of vossels) and even used at a temperature -40° and lower. 


Por the narufacture of the listed steel structures of pile 
drivers at a computed temperature -30 to 39°, it 1a possivle tc use 
structura., martensitic steel of brand VSt.3, equipped wita additiona: 
guarantess in relationship to impact toughness. 


Une con recail that with the delivery of steel under group B, 
additional guaranteer are necassary concerning tha mechanical proper- 
ties ana, specificaily, the tensile strength, the yield point and 
relative elongation. Satiefastory indexes based on the impact tough- 
ness of the cteel is assumed only when meeting the correspording 
specifiec requirezent. 


In the case of the utilization of steel, falling into grcup 
L, additional guarantees of the mechanical features of the steel, 
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specifically the tensile strength, the yicle poln:, recative elonga- 
tion, tapact toughness are necessary. In this way, under oneratirg 
conditions, for example, instead of VSUL.3 aterl, brand MSt.3 is usec 
(martensltic steel of group & is the same under GOST), the tensile 
strength should constitute j8-47 xg/n’, the yleld point for the first 
grade of rolled ateal not less tnan 24 kg/mn*, the relative clongation 
of a long sample of not less than 21-23%, impact toughnnsy at na rorasl 
tezperature of not less than 10 xg-0/en* rox sorted and shaped stecl 
and 3 kg-m/en* for sheet and broadband cteel. The shown va-ues ure 
established for the corraspending tests on the nechanlca) gunlities 

of the steel. 


Individual enterprises, not specializeé tn the manufacture 
of steal structures, but aanufacture steel designs an:!) produce 
different steela should witnout fail when using welded strusturys cake 
the corresponding tests on the steele they produce. The nonfulfiil- 
ment of these requirements can lead to mass waste and dazage. 


During any replacement or introductisn =f a new orand af steel 
it {ts necessary to keep in mind that the cverall deficsencics of 
old and new GOST Cor carbon steels are lowerc4d requirements (aa 
opposed to Construction Standards and Rules ard practical data) for 
the value of impact toughness. In sost cxses the requirements of the 
GOST are limited to the 4ata on impact toughness at a sormal temperi- 
ture. 


In a nuaber of cases the value of Impact toughness uf gtee. 
should be determined at a temperature of -50° and tc constitute, 1n 
this case, 3 ke/en* and higher. For stee] in the sesiars of the 
construction, actually used at a temperature of -30° and below and 
in support structures the mobile loads (in the structures of mlac 
plle drivers, deckhouse building, haulage galdericy, hoprers and 
others), euch teste are nccossary. 


The utilization of ccructurai lew-allcy creel of brand 
I5KNSND(NL-2) ard nonnickel steel of brand 142, 1062S, 1568 results 


in considerable cconomy of metal. Steel 1002S is characserized by 
temporary resistance to ea tension of 50 kg/mm”, by yield point of 

35 xg/an*, by a strength undec vibratory loads greater than the 
Strength of steel of vrand LYKNSiO; the value of impact toughness at 

& Lemperuture of -40° - $s myce vhean 3 ke-a/ca. Structures aade fron 
steel of brand :00¢3 are characterized by a reduction in their weight 
is. conparizon with structures made from atee) St.jkip. by approximately 
154 without an inoreage in the cost of the construction, 


Today che nost widely used 18 low-alloy structural eteel of 
brand 15KuSHP(NL-2), whleh 1s characterized by u tensile strength of 
52 kg/m? by a yleid poin: of 35 kg/cn, is practically ready-made 
for the manufacture of a numer of structural designs. ‘Wide use of 
this yteel is not always economic profitebie. Ina number of cases, 
however, it is cessible and expedient for the manufacture of spall 
rody and joinss of mine constructlon, supperting lerge loads, made 
Crom steel 15KnSHD, which can result in a reduction of the sices of 
designs and £n a decrease in the weight of the parts and joints by 
15-20£ in ccoparison with the weignt of desig:.s (Crom steel of brand 
St.3. 


Alco, the utilieation of other low-alloy structural steels has 
not been exciuded from small parts of pile drivers end other atruo- 
tures, 


A rathec frequent error wren developing the scheres for ptie 
Arivers ‘6 the introduczion of insufficiently rigid, urcalculatad 
elemen:s, designed constructively because of the absence of any 
censiderable forces in the >ods. It is necessary to consider “he 
tranzgort and installation ef the construction and to design rather 
rigid sections of the uncalcuilated elements of the mschine vount, oruce 
ing, head and of separate rocs, under the indicated cenditions. 


Sonstioss proper stter.tion iv mot given to clearances between 
t.e prima of pulleys and *he structures of the underpuiley lundings, 
Detneer. tne ctructures of Lie unierpulley landing and she cables, 
oecween tne elements cf machine mount ar’ the lift vevsels, 
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specifically bezween the catching of the paraciurc sleviceu and bine 
buntona. 


It 48 necessary to turn ores attention vc the invazishility of 
tho machine amount, which ic relative tu the errended misc sheft. For 
the shown purpose, ~iyid and diaphragms, and Turthemraere, the clenents 
of rigidity in the Joints of she machine sount, fazil-tating tne tn- 
variability cf the latter, are necessary. Nita carge sie%, of nush 
amine shaft and wisn consizerable lengto in 2 nuxber sf sasecs it 
{9 necessary to insert rigid atraps, locatec alsng the cxterni. cuce 
line of the machine mount. Tne least measures are neceszury for tois 
to a greater degree since the lighter eleme::2 are accepted ‘cp the 
manufacture of the aachine mount. 


The volume of she graphically designed zaterial is Jeternined 
by convertional planning of the aetal-design chase, - KH! (hi), where- 
by it is recommended *c include in the compesition the genernei ferns 
cl a pize driver and designs of the head of the scheme of the -27t, 
speclrications and basic requirements for the panufacture of the 
dentgus. The metal sheuld, is order, sace the brand of atee) and 

ts delivery for the nanufacture of the woléed structures. [4 a?) 
caves it 1s necessary to specify tne state stanidacs of the guarantee, 
for exumple, the value of impact tovghness at « teaperature of -10° 
for carbon steel and others. 


During the acrufacture of the szeel structures of file dolvers 
errcre are observed satner frequensly in tne marking of the opening, 
their burning complereiy through, she avsence of & cerrection of a 
nunbder of elements, the utilization of availatie sheet anu othes une 
marked steel, sheet szeel of high carbor content, the utilization of 
unrated electrodes and lox quality of welding, specificaily, the 
absence of devaloped weld techniques and a disorderly placement of 
tae scans. 


The shown defects uxually are forred ducing whe maxing <¢f the 
steel designs by fore+s of acnspectallaest anverpoises under conditions 


of the production upyrations by economic methods in the regions of 
individual mines. Under such cenditions continucus contro) is 
necessary for quality of the manufactured product and the installation 
of the steel structurea of the mine construction. ‘This control should 
be curducted, beginning with she problems of luying out the construc- 
Lion and dividing 1t into shipping unite and ending «ith the questions 
of she ecceptance of a plio driver in speration, 


In accerdanze with the noted and other quectiona under technics) 
eonditions In the manufacture and installation of the oteel pile 
érivers, 1. 48 necessary to provide the following. 


‘Taw zanufacture of the designs should be produced in acourdance 
with existing instructions on the manufacture of stee) designs made 
from ceczor steel, on the aanufacture of steel designs made from low- 
allsy azeel and by other indications. 


A pile driver should be broken down into individual units, 
tonvenient fer transporte shipping. 


Tt Is neceseary to theroughiy break down the geometrical schemes 
of the uses of the trusses of the construction into actually measures 
3ilzes and to compere then xith the plan. 


The marking on toe steel is made from patterns, taken from 
Lhe vroken dow: actunlly measured geometrical schene. 


The accuracy of luying cut, racking and erectlon of the 
structures by actca) measurenent shoul¢ secure the afaimun deviations 
in the dimensions. 


Permiesible deviations (allowance) 


Spans and iangtha of tne trusoes of ao 

machine mount and DOM... cece eee eee eens 110 m 
The aifference in the lengths of the 

Panels with’ cre DOAND. .. cece ee ewe e eens 2 mm 


Zob 


The length of the Joints and trusses if 

B MONGILZ. cer ccesee esc ce reer cere cece nces eee 
The sizen of she sheets in the Joint 
The sizes of the guide curves... 


LONER. cc cccrcccccvccevccace 
The tangent of the angle of rotation of tne. 

flanges of tubular pile drivers... reese ene 4:1560 
Clearances between adjacent f.anges at a 

diatance of 20 om from the pipe..........6- 0.5 m 
Clearances for the exturnal ciges of bre 

LANTOS. cr vecccccrevesccvvccorvevvocsvsune .S mn 
Distances betwoen the centers of the 

foundations of not more than....... oe 2C om 
The difference in the carking of the bn00k | 

and the displacement of the uprighss....... 15 me 
The sag of the strape of cone trand after 

ASnstallation based on the ‘enzth........ ate 1:1000 
The deviation along the vertica] saas fr 

the designed pocition after Installation 

af the conatruction, expressed in 

fractions of the height ..........22.eeeeee . 1:1590 


Negative tolerances with mount zension rods are casen according 
to tne data in the plan. 


All clapents of the pile driver based on form, aizes ané 
material, should correspond to the working draftc. 


The sizes of the sheets are planned allowing for transverse 
shrinkage of the welded zeans of 1 mm per ccam, and >? m ser Ban Of 
@ thickness of 10 xan and mere. In the absence of the nezessary gro- 
flles the uniforn-strength element; ent juncticns os vienents are 
ailoned, arranged, arrangad according to the indicationy in the plan. 


Before mrking the stegl shoul se atraightened. Considerably 
bent metui should te strnightened in ine state of & Light yeliow 
Ancandescence with inadmissabie nardening and ovesburnirg. Correction 
in thy state of darkedluc incandescence 18 not aliowed; cold correc- 
tion can be done on angle-straightenins and aheet-atraighcening 
leveriers or Sy using screw clampo. Hendiny, the bending of sheets, 
is done only ina bot state with subseguant sise cosling. Arter 
heading and other operations, tne elements s2nild nov have cracks, 


rence and uthes delecty. Straightening and oending of etructural 
steel should only be done unter ypeoial instructions. 


S:ee1 for weldable elements cun be cut off with cheara, saw, 
autogenous geléing; electric-powered cutting is not allaved. The 
scarface after trlaming 33 cleaned of slag, dirt and accretions of 
Metr.. Fhe accuracy cf curvting by autogenous wolding at a thickness 
Up to 20 ue und with autogatlc machines — ) ma, and by hand sutting — 
2mm, for sheets predomtnantiy using positive tolerance. The plane 
of cub saouid be normal to the surface of the sheet. 


In the reanining oases trimaing is done with shears with tac 
provisicn of perpendicularity of the cut. Clearances in the joints 
end the type ef cheathirg are taken scuording to the data of the plan. 
The enic of the reds in the cupports should be cut off especially 
acourntely and should fis tightly along the entire area of the 
section. In separate cases specified by the lan the planing or 
milling of che onds of the elements ic. done. 


Tne pur.ching of holas is allowed for a thickness of sheets up 
ts 20 mm with subsequent correction and complete boring through the 
entire stack up to the neceseaty diameter. In remaining cases the 
heles are bored to u full diameter according to the toloerancee for 
finished bolts. The axes of the openings should be norasl to the 
plane of the eleterts. The mutua: displacement of the azes of the 
opening In the stacks of carte chculd not be aore than 1:200 of 
the shicknesa of the stack. Tne beit and rivet connectionu and the 
atretsaing cable mounts ore grade according to the specifications of 
the plan. 


Riveting shoulé ba done with the pressing and central posivicn 
of the head «ith the oorrect fora provided to them. There should be 
no cratks co thy heads of the rivet; notching and cclking them is 
not allows. 


‘fhe rtiing sf the apenings *1th bolts and the abutting of the 


nuts should be dense. The Dolts in the struszures with dynasie icads 
should be installed with two nute. ‘The cain jointe shoud be iznwrallec 
using eelected rough, gauged or finishes bolte. in the reraining 
cases rough bolts are usod. The numser of tclts or rivera in the 
joints should correspond to vhe plan. More than wo washers should 
not be set under the nutes sna heads of the bol<=s. ‘The manufacture 
and testing of the stretching <satles mist te done {x axcordance 

with the specificatione of the plan, duct the veaiing off of the euble 
ends in the bushings - according <o che specirications. ‘Me count 
tension cables ure designed in the plan alec ulicxing for corres:ions 
with a difference in the temperavures. 


The welding of the steel szructures should be done according 
to a worked-out technological procese. The construction char~ of the 
welding of the various joints must be drawn up taxing into account 
the chart, accepted by the leading pia-.ts - the procucera of steel 
structures. 


In the construction chart specificetions should be given or. 
the welding of structures at positive and negative temperatures, on 
the heating of designs, electrodes, operating conditions and %*o 
ecquence of welding, type of seags, ard 69 or. 


The welding is done, as a rule, at the lower posicion of the 
seans. The ceiiing seams can allow only for uncalculated elensnts, 
‘asdly sustaining loads. within tne apecifiec limits, the senns 

alu be centinvous and uniform in section. The length of the scana 
wt LA nol exosed that degigned by aore than 5-2Cf. Transitions from 
v= S@stlon of a geam to tha adjacent sections and froa the sean to 
the basic metal should be even. Sherp changes ir. the sectlonse of 
the seamy, their porosity, accumuiations, gas bubbles, unwelded 
craters, slag inclusion in the seacs, cracks, ruptures of the seare, 
sre inadmiasibie. Also inadmisasitle ave any cracks Jn the weldable 
eleeants ax parts, cuts and other damage. 


The hard welding of brand %U.3 eteas cn underpuliey srusses, 
underside gtop beams ané other structures with dynomic loads 13 scene 


with type E-'l’n electrodes, for the welding of the remaining structures 
electrodas uf type G-4zh ane E-12 are used, The welding of low- 

alisy steel 18 done using clestrodes of type S-SOA and E=SSA. With 
autcmatic and auccmtic-martal welding eluctrode wire iu used under 
the ayer of flux Jn aczordance with the technical conditions and 
apesifioazion ohart. 


Gniy highly skicled graduated welders ohouid be assigned te 
weld uteuJ structures cf pile drivers and analogous steel structures 
of mine construction. 


A contre] aysenblage of the pile driver 19 required for plant- 
manufactured Stee) structures. A completely assembled pile driver 
should be chucked vy technical contrel. The acceptance ia made 
beginning from the marking and tool check of the geometrical schemes 
or the pile driver and ending with a check of the welding and other 
connections in all Joints of the construction. All the noted defects 
zhould be removed. Tho parts ready for ghipeent are smeared with iron 
Tinica on drying oll; the seams, Junctions, and cavitias are filled 
wisn pinfum on drying 011 using chalk. 


dion shipping tae steol structures .t iy also necessary to 
¢ 411 the planks, ugrfgent sheathing, conrecting parve, spall 


cther deformations at transport and unloading. 


The installation of the pile driver should be done according 
fo plan. During installation one should regulerly check the position 
ot the area of tho designs. Pinal seasurementc with an indication 
uf the devlaticas from the plan, produced efter installation and 
allynzent cof the pile driver, should de worked into the schemes. After 
Installation the structure le coated with two layers of o11 paint. 


Tae finissed and sealy-to-operace pile driver ehould have 
anane plate with the enclosure of basic vocuoents, including the 
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building plan and working ¢rafto, dats on the sanutacturc of tac 
structures, the delivery ceztificate and acceptance of the structure, 
data of mine-aurveyor observations, made during the periods of .aying 
out ard installing the structure and during the delivery of the pile 
driver into opeyrution. among all these data one should turn his 
attention to the tying in of construction with tne echene of a lift, 
to the position of lift devices, underpulley srd receiving landings, 
to clearances between the structures of the pile driver and lift 
vessels. Among che enumerated cocuments which should be applicable 
are "Books for the recording the results of an inspection of a lift 
device.” 
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CHAPTER Ik 


TER CONSTRUCTION OP {fAULAQE 


1. Haulage Trestles 


lauluge treetles serve to transfer the rolling stock from a 
Aceckhouse building to the necessary height at loading hoppers, ore 
bins, the receiving funne_s of concentrating plants, dumps, etc. 
Semetines, the =restles connect the ecnstruction of two adjacent 
stens of a mine shaft to one another. 


The trestles are vsually characterized by height within the 
limiry of 3-6, 9-22 and 15-18 m. The latter correeponds te the 
transport of the ore and waste race divectly to the loading tun«ers. 
The sreslles of low hetgh= are frequencly raoresented by designs 
with ceumplete or partial utilizatlon of wood. The higher and cap‘tal 
sonstrustion are usunlly made in tne form of sheltered galleries. 


In the overmeloing aajority of cases the span ycructares of 
the trestles are horizontal or ciose to horizontal. 


The: treatles differ so a considerable extent, reashirsg sometiace 
saverci pundred of meters. The spans conatitute 3, 4, 6 end 12 x 
ind they attain 24-30 mana more. In the latter casa for the 


a) b) 
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Pig. 228. 
a) with two main steel beans and ties, lying, direstly on the : 

bd) mized with main and transverse beama and with longsiudinu. 
Suxiliary beams; c) with metallic beam cages and cecticnal 
ferroconerese slabu; 4) with two ferroconcrete or prestirvesc) besa; 
e) diagram of a ballast span structure with ferroconcrete and prestres= 
sed sectional beams and sectional slabs; f) diagsar cf a wooden 
trestle; 1 - main bean; 2 - connections; 3 - transverse bean; 

Y - longitudinal beam; 5 - sectional slabs. 


in Pig. 224¢ - all-metsl span structures frox the nuin beans 
1, connections 2, transverse 3 and longitudirsl beams 4. With the 
introduction of alabs along with spans 3-6, and acnetimes 12 n, 
the slabs are conveniently placed directly on the transverse beam: 3. 
In this instance the longitudinal beams. 4 are excluded. 


Pigura 2244 and e show the analogous designs wich the 
utilization of sectiona) ferroconcrete main beans. In one case che 
ties rest on the beams, in another case - sectional slabs, With the 
placenent of the slabs on the crosspiece sf the fruoes, the asin 
beams 1 ere excluded. 


In Pig. 224f - the wooden trestle, in which the tier lie directly 
on the beans of a span 3tricture. 


Pigure 225 shows the eimplest haulage trestle «ith the 
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utillzation of wooden designs. Im Pig. 22€ - the trestle, the span 
structure which corresponds to the diagraz in Pig. 224b. Here, 
cach span of a trerzle “a9 two mein beaes, connected to the seni- 
Apans with transverse beaaa and, furthermore, uncoupled with these 
beans (in the planes of tho upper straps) and with horizontal 
connections. Pren considerations of the economy of metal, wooden 
Jonglitudlaal beans ure used. The main and transverse beams cunsist 
of double-7 No. 45 beans. 


Pig. 225. Haulage trestle vith wooden supporting 
designy: a) diagram; b, c) details. 


Cn a doubletrack trestle having a width of 5.2 m, a height 
of 10.5 m and a span of 8.0 m, 0.7 t of steel designs per 1a of 
length of constructicn is spent. 


From the detsile of the span structure it 1s possible to 
descvine the junction plates of longitudinal beame. One of the two 
braces i:ocated under each call jn each span, Jles on the tranaverse 
hea az [t projests beyond the face of the latter. The second 
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support structures of trestles, sometimes cteel atructures are usea. 
The spans of the mair, teams end trusses of the treatles tnerease with 
the increase in the height of the construction and wilh the camlexticy 
of the foundations. The width of the tresties 1s oyual to 3-9.5 and 
6-9 m and it depends on the nusber of the rail tracks, set on the 
trestle. Approximetely it can be considered that the single track 
pliers have @ width of 3 2, and a doublotrack, 6 A. 


Just a3 for bridges, in treatles it 1s possitie Lo digtiagatsh 
span structure and support ones. The principies of bridge buildiny 
are also apolicable to treaties. However, trestles uoually do not 
sross water obstacles and they differ considerably 1: comparinon with 
bridges by the variety of abutments and loacsa and ky o more complex 
form in the design. Thus, trestles have not only right angled, but. 
also the C-shaped and other outlines by design. As for the 
equipment, the trestles can support, just as the deckhouse buildings, 
electric locomotives and trolleys, special carts, the hopperr, 
funnels and troughs, the tippere of various types and tne compensators 
of the height. 


In connection with the comparatively cenplex form of trestles 
by dosign it Le necessary to focus special attention on tha con- 
nections, which assure the spatial immutability of the supporting 
atructures. 


The joints of the abutments of the treetle end other cone rrustion 
and dano are of significant value, Here, one ought to ansure che 
smooth passages of relling 3tock from tho more rigid conntruction to 
the less rigid, ané vice versa. 


During building and operation of the tresties it is necessary 
to provide a ‘TiigBer-of-meanyres for safety: one should provide for 
the passages of people, passage to the outéide of over—ail..companents, 
and all trestlea shovld be equipped with guarde, exits, stalry and 


go On. 


the .restles, which poesess a sheiter, usually are called 
Aallaries, haulxze galieries differ fron trestles not only by having 
cheiters, but also by the conditiona of =noir operation. If, for 
exanple, havlage treazies are arranged with a rice toward the top, then 
they have the supporting etructures, sheltere: Jn over-all sizes of 
bhe construction and, comsequently, protected from ateospheric 
peecsure. 


The span atructure of the trestle usually has two main beans, 
azth airgle track treetleu these beams support a loa¢ froa the ties, 
“he plates, popting directly on them, With wide tresties transverse 
ond longitudjnal beans or intermediate main beaxc are introduced, 
dtth a linited value of the interval of the traneverce frames of 
tow tesgilee (6 m, and sometines 12 m) the direct placement of the 
ritbe clabs to the crocepiccen of the trannverse frames le possible. 
Im these cases main, trannverse and longitudinal beazs can be 
excluded. 


The diaserams of the span structure substantially depend on 
the deaizns enplioyed. With metallic span structures transverse and 
longitudinal baams are quite frequently used. With reinforced 
cuncrete sectional apan structures the simpler diagrene are select 
resulting in the least number of type and size of scotional designs. 


Pig. 224 shows; the well distributed schemas of span structures 
oe the trestles. 


in Pig. 224a - 3 diagzan with two main beams 1, connected to 
2 am ties, lying directly cn the agin beamg. In Pig. 224 - a 
diagran, «hich corresponds te the wider trestle and to the 
utilization of complex designs. Above the transverse beans are the 
wooden lonpitudinal beams with saall spans and a email section. 
Tog are losated on the longitudinal beams. 
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brace ie erected in the axis of the transverse bean with a bracing 

of the beam of the second apan. The secomd brace cf the secend span 
is projected beyond the face of the transverse beam. The eatiro pack 
ie united on the supports and is fantered with boitr to the transverse 
beany. Figure 226 showe a variant of the uprights 3 of the oupporting 
steel frames in the form of ateel pipes. The civen variant is 
composed based on local conditions and existe in full size with 
relatively complex autlines of a trestie by design. In thie case the 
elements 42 are introduced only in eepxrate complex supports. 


Pig. 226. The crestls of a 
coxzbined design: 1 = main 
beam; 2 - traneverse beans; 
3 - upright; & - connections. 


mt aa 
rsa) ee: 


Under conditions of simpler outlines of a treatlo by design 
and its atraightness one could make che pier of & conbined deslun 
with the preferred utilization of precast reinforced concrate. Tha 
gupports of such a trestle can be formed by ferroconcrete frames 
or uprights with motallic connections. The main and transverse 
beans of a span structure ¢an be joined into one goncral part. 
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The weight indexes of such a trostle aro more favorable with spang of 
A-12 m and wore, and at its width is increased somewhat. 


Figure 227 shows a asctional ferroconerete trestle. The trans~ 
vorse Crane of the trestle is composed of ferroconcrete uprights, 
“hich de not have uprights slong its length, witn crosspleces, li¢ 
on the centilever of uprights, and with metallic lightweight connec- 
tions. The upper crosapiece ts simultancously the element, waich 
Increazey tue stability of the main beams. In a longitudinal direction 
the treeslo hag a connection tn cach expansion block. The whole 
trestle thug consists of three type and dimension sectional 
Cerroconcrete parta, 


Pig. 227. A view of a sec- 
tional ferroconcrete trestle. 


With a height of a trestle of about 9 » anc trolleys with 4 louc- 
carrying capacity of 2.5 t, the expenditure o° presiat reinforced 
concrete ccngtitutes 0.5 a por 1 n* of area of the trestle. 


2. Haulage Gullerics 


The purpose of nuulage galleries is usualy the saw: tn that vor 
haulage trestles. Just as with trestics, haulaq xallestes serve te 
haul the rolling steck from a deckhouse cullding to tn> lending, 
funnels and hoppers a6 well aa for other pursoves, 


Haulage galierins frequently are a continuation of tre deekhuuce 
building, and in most cases, they differ from the Jocihouse building 
A4tself only by the considerably lese over-all sizee of she 
transverse section. 


In a number of cases the sections of a deskhouse biullding and 
haulage galleries can hardly be divided. Th‘e is ohserved when the 
aten of the nine shaft adjoins directly the haulage galierzes (see 
Fig. 205}. As a result of that shown, in connection with the 
presonce of guards in the planes of the walls and ¢:coring, the 
degron of the stability of the havlage galleries frequently corresponds 
to the treatment of the deckhouse buildings. 


The haulage galleries are usually of more diratle ccnstriction 
in comparison with trestles and they are used in larger mines. The 
sizes of the galleries cxeced the eizes of the tresties. Tec neleht 
of the overwhelming majority of galieries 13 within the limita of | 
15 m, i.e., within the limits of the height of the haulage treaties, 
but there are haulage galleries having a height even to 18-24 m above 
the level of the surface. Thus, for instance, the deckhouse building 
and the haulage galleries frem one of the ore aines (Pig. 228) are 
characterized by haulage at heights of 20 m above the planning level. 


The haulage of cold yalleries usually of smaller Aeight croquently 


ere gade with complete or partial utilization of weoden support 
designs. 
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Fis. 228, Galleries cf an ove mine with 
haulage at heights of 20 m above the level 
of planning. 


Tae gulleries, adjucent to the deckhouse buildings or directly 
aL the stem of the mine shaft and having capital external guards, 
ure usually equipped with heating from a central boiler or from an 
adfacent calorific device. In this instance the measures, given in 
Chapter YiIZ are completely applicable to the problem related to the 
Aulage galleries. 


The most widely used width of haulage gnlleries: j, 6, 9, l2m 
and np to 305. The spana of the main trusses and beams ave shown 
in Table 32. 


Tadle 32. 
Material oF Spar of galleries with Span cf bean 
flights span structures made of galleries, o 
trusses, & 
Wocd $-20 3-6 
Reinforces 
consrete 18-30 6-18 
Steel up to 50 and 2bove - 


Tae last sizeo of the spans corra3zpond to cases of the arrange- 
yent o: tae galleries in ore stock piles, in the receiving funnele 
of ore trentxant combines, ard also to canes of cresoing bulldings 


and structures under compact conditions. Flights :6, 28 and 30m 
are convenient In adjoining haulage salleries at try moutas cf tie 
atens of nine shafto, with soile with low bearing capacity and th 
@ number of other cases. 


With the ferroconcrete beam support structures of thy trestles 
usually the rite is set at the top. With metallic support Jeatena 
(trusses) with apana from 19 = and above, the ride ‘8 set doxnxards. 


The placing of the main leamg and trusses, transverse beaar, 
longitudinal beams, support loads from relling ztocx, ts figured 
in reference to the schemes, described in 1 of this chapter, partially 
Given in Fig. 22%, and also in reference to the data In Chapter VIII. 


With narrow galleries having a width, for example, of 3 m, the 
tranaverse beamo are not used. With wider galleries transverse beans 
of 3-6 m are used which is expedient with steel support designs of 
galleries and inexpedient with sectional ferroconcrete designs. With 
monolithic designs with the utiljgation, for cxample, of support 
reinforced frames and sectional ferroconcrete designs slong with 
necessary cranes, the utilization of transverse beams, Joined to the 
main beams of the span structure (Fig. 229a) la expedient. 


The foundation of the haulage galleries - predominantly 
ferroconcrete, monolithic and sectional. The uprights of the 
supporting frames of the haulage galleries in most casea can he 
accepted as sectional ferroconcrete according to the diagram atom 
in Pig. 227. Tha Joints of uprighta can be metaliic, which 
substantially simplifies the eolution of the gallery. 


The main beams ani slabs of the span structures with the spans of 
the main beams at 6, 9, 12 m, sometimes 18 m can be aade in precast 
reinforced concrete. The spane of 12-30 mcan he expediently made witt 
stroes-shockproof structures. 
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The frame of the galleries itself "sing reinforced concrete, 
can be made from lightweight sectional uprights, so: € m apart and 
transverse crosapieces (at a leve: of capping!, ir. the capaetty of 
which should serve as standardized soctionnl ferroconcrete ard 
prestreased beams with nominal spane of 6-18 m and nore. 


If necessary for ballast, with the limited height of tho 
construction and with the possibility of introducirr a six-metes 
spacing of the uprights, in a number of cases, tha utilisation of 
flooring slabs, directly on the cresspieces of tha framec (Pig. 229b, 
c) ie expodient. 


It should be kept in mind that this design is eapedient x«°th 
the spacing of the framee equa: to 6 m, and is not to be excluded 
with large spans of slabs. 


For ferroconerete flooring of haulage gallerier in the coesea 
noted here special faerroconcrete and prestressed capping plates with 
epans of 6 m under a load of 5-12 t/n® and moro are used. In 
sections with a reduced load using lightweight trolleys and in the 
presence of ballast the utilization of standarized slabs with a 
nominal length of 6 m for the flooring of induatrie; buildings under 
@ load 2 t/a? ané more, is possible. With various complex desisns 
there is use for ferroconcrete flooring slabs with spann of 3m. 

The data on the utilization of sectional ferroconcrete designs in the 
capping of deckhouse buildings pholly pertain to haulage galleries. 
Here, cappings of large ferroconcrete slabs, 6 = 3 (1.5) a, in 

sizes with spane of 12 m ere widely used for sectionsl ferroconcrete 
and prestressed beams. 


Although the haulage galleries are quite extensive, because of 
the 9maoll width of the galleries, the problems of natural illunination 
solve themselves without any specific difficulties. This makes it 
possible to place the window openings in the most convenient way 
from the point of view of ueing large wall panols. In this cace it 
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[sx entirely possibie ta assign the width of the openings as mltiples 
of nn, £.4., le uce continuous glass for the length of the panels, 
from two or from one slae cf the gallery. One-sided continuous 
class ant separatesy arvanged louvers or sashes in the opposite wall 
Of the gxllery are uued ta make possible through ventilation. These 
measures suarantes the moct successful solution of the wall filling 
of callesies. 


With tae peselution of the problems enumerated here the wall 
Calling can stans ucinm the minimum of type and dimension of cold 
or warn large wal) panzis. 


The cata on the u*llization of sectional wall panels in nine 
coustruction are aleo quite valid for haulage galleries. In the 
e2ileries the pogaibility of the failure of the light-weight wall 
Cillings with the derailnent of trolleys should be taken into 
account. In connection with this, in the galleries, just as in 
dcckhouse buildings, it 1s expedient to uee warm wall panels with 
support and covering slabs with the arrangement of the dense and 
rigid Serroconcrete and prestressed support slabe from the inner 
aide of the wall barriers. 


In could galleries the utilization of heavy ferroconcrete and 
prectreased wall slabe at nominal sizes 6,0 x 1.2 m, and also 
Jlabs 12 m in length, te possible. 


Just as in deckhouse buildings, the walls of the haulage galleries 
are made using cold sheathing of asbestos-cement corrugatod sheets 
of a reinforced profile, and also warm shields, faced on two siden 
with agbustos-cement corrugated wavy sheets with effective heat 
‘naulotion placed on the inside. One ought to take into account that 
the velovity of the sotion of rolling stock in haulage galleries 1s 
anually higher (n comparison with deckhouse buildings; therefore, the 
protection of the wella with stop rails or cornera ie provided over 
the onsice length of the gslleries. 


Te 


Just as in the eurface ovildings end trestles, the Sloors of tle 
haulage galleries are usually character: zod hy inciinen und drops, 
by the presence of tracks ani conniccrable leads fmm rolling stock, 
suspension funnels, troughs, unloading equipteerns acd so on. 


Compensation for the incliner. of tre passages ure stave Lecruse 
of the layer of ballast. The heigint of the ferroconerete cesivns in 
this case within the limita of on unit remainn constant. 


The heads of the raile are usually somewhat raised over the level 
of the floor. The adjoining construction of the tracks ta the 
floors is done on Fig. 218. 


The separate examples of haulage galleri¢s arv roted tetow. 


Figure 230 ahows a haulage gallery using wooden support deciuns. 
The trestle is composed of transverne frames, apaced 4m apart with 
the saze span of the main besaan of tho construction. Tne light-weight 
frames cf the hip of a gallery from the planks with the nails are 
installed every 2p. The lathing under the roofing made fruz 
asbeatos-cenent corrugated sheets rests directly on the crosspiaces 
of the frames. The foundations of the construction - concrete ponts. 


Pigure 231 shows a haulage gallery using sectional ferroconerete 
elements in conjunction with light wooden structures. The upper 
structure of the gallery hae two sections of a different width. 

In one case the width constitutes 6 m, in another, 4a. In both 

cases the transverse ferroconcrete frames of the construction are 
identica) - a width of 4a, The distinction in the width of the 

hip of the gallery is attained because of the wooden designs, the 
various frames of the hip and the presence of cmall cantilevers, 

supporting these frames at a width of 6 n. 


The uprighte of a sectional ferroconcrete transverse franc 
are furnished with sockets of the bootleg type. ‘The crosspiece of 


275 


Pig. 230. A haulage gallery with wooden 
support structurey: a) the plan of the 
uprights; t&) longitudinal] section cut; 
c) transverse cection. 


Fig. 231. The havlage gullery of combined 
design different width: a) planning design; 
>) galiery at the widened yection (section 
A-A); ¢) galiery al a widta of 9 m (section 
G-&}; A) provtic deslso of a section of the 
lower etrecture. 
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a frame supports tne lead of one of the male ceans. The two renaining 
beams rest directly on the uprigits Of che frane. The transverse 
rigidity of a frame {6 secure: (hesiuer the reading of the uprights 
fats trom the 


in the shoes) by the presenee ef lie@htw: 
corners in the upper part, working under tensisn. The presence of the 


She: sel: 2 


joints results in a substantial reduetlon of the bendl>-g momenta in 
the Joints and rods of the frame, specifically tr Uh: upraghes of 
the frame, and also results in w very cudetantl.s sinpslfleatlen of 
the Joints. Im this case it ie not necessary ts produce high 
rigidity of the joints of the frames, uttetnable by the intresuction 
of comparatively complex and deveioped matching sats. The 
tigidity and stability of the treatle jn a lone 'sudtinil direction 
{Fly. 2310) 

salt of ugine tre 


are provided by introducing tae Joints vf apriy? 
within the limits of the expaneier blocs. As a re: 
described design, an extremely small nuster of type sad direnston 


sectional ferroconcrete elenents were needed. Despite the pmscuce 
cf two variable sections, which are distinguished by tre widla or 
the gallery, for the realization cf the deserihed hrulaze gaileries 
(Fig. 232) only threo sectiona] ferraconcrete elemen’.» arc mecesaapy: 
the upright, crosspiece of a transverze frare, and the main bean. 
For @ similar construction such an amoun: of tyre und dimensicns 

of sectional elements is a record. 


Pig. 232. View of the gatcery duet the 
porind of the eenpletlon of foo building. 


277 


kt n haiznt of a galiery of about 9 m and trolleys with a load- 
sacryim: capacity of 2.5 t, the expenditure of precast reinforced. 
coner: te constitutes 0.4 03, steel Joints and teams, 0.03 t, wood 
0.2 a? ser im” area of floor of the gallery. 


ore ounht to show that in the absence of the need for a variable 
width of tre hlpe of the gallerivs, it would be possible to make 
witsout any specific difficulties the sectional ferroconcrete hip 
er the gallery. The diagrezs of the simplest all-reinforced concrete 
haulage galleries are given in Pig, 229. 


The riven solutions of haulage trestles and galleries provide 
a bayi« for showing the pussisility of their unificrtion using 
gacblional ferroconcrete designs. iIn the first place unification 
ahould taclude the haulage trestles and galleries with a constant 
spacing cf the transverse frames, equal to 6 n. 


With the large spans of the main beams or trusses ao well as with 
the complex forms of galleries, and also with the reconstruction of the 
gallery it is expedient to build using ateel designs. Precast 
reinforced cor-rete in suc:. cases is represented by various capping 
siabs, flooring and wall panels. 


Figure 233 shows a longitudinal section, and in Fig. 234, a 
transverse section of a part of the haulage gallery of a large iron- 
ore mine, made under conditions of the need to utilize the spans of the 
main trusses of scnstructicn within the limits up to 21 a and ‘ 
predominantly equal to 19 and 21 m with the ride downward. The f 
ndjoining acction of the gallery, wrere steel support structures are 
aico used, have spans, predominantly equal to 12 m. Here, the 
trusses for the ride are set upward. All the span structures have 
Lranaverse beams, spaced at a distance of 3,0-3.5 m, riveted on 
tupports in the uprights of tne transverse frames (with the formation 
in this way of crose piccos of the latter), and in spans - in the 
oprights of the trusses. 
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Pig. 233. Longitudinal section of a metallic 
haulage gallery: 1 - moveable caisson 
(variant of the equipment of foundations; 

2 = developed base plate (existing variant); 
j - existing receiving funnel. 


Pig. 234. The transverse 
section of a haulage gallery. 
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All the transverse beans are rolled double-T No. 55a beams and 
a.¢ 1ocated at one 2evel. Secause of this, and also in view of the 
AlrecL rracing of l2-meter trusees of span structures to the uprights 
» the main trusses with a span of 21 a, which are centrally 
insti led relative to the supporting uprignts, have polygonal outlines 
< Fle. 243). 


ov free: 


Tha sectional ferroconcrete ribbed slabs resting on the 
longitudinal flooring beaoe of the gallery, located above the eleg, 
Rre considered as neat inculation, ballast and clean floor. 


The filling of the walla in connection with the considerable 
extent of the galleries is regarded as the shields, coldproof slag 
nats and are faced on two sides by asbestos-ceaent sheets having a 
reinforced profile. This filling, to ea sufficient degree, is 
etfective from the point of view of weight. One ought only to keep 
in sind, that under the conditions of haulage galleries the 
continuous protection of walls with metallic rods at the level of the 
body of the trolleys is necessary. A more capital solution of the 
walls of haulage galleries, just as in a number of other construc- 
tions under mine conditions, are the ferroconcrete heavy wall 
panels. 


Tne haulage galleries, built under comparatively complez 
condticna, with considerable epans and loads, associated with the 
haulage of 10-ton electric locomotives and components of trolleys 
with a load-carrying capacity of 2.5 t, are characterized by 
averuge Indexes of expenditure of metallic-structures of 1,6 t/a and 
about 2,3 ¢ per 1 m3 area of construction. ‘The given indoxes, 
considering the complexity of a gallery, are satisfictory. Cver 
a corsiderable extent of galleries the standard gauge railway is 
located under them, which results in the utilization of frame 
cupports. Several sections of the gallery have slanting abutments. 
In the composition of theee galleries there are aleo frames, 
Inytalled along the circunferenoces. The central subasseably of 
the constriction of the ster of the pine shatt, in thie case, was 
also comparatively complex. Finally, in the adjoining galleries 
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leading to receiving Sunnels of tne crushing 9111, buliz acveral 
years before the buliding of the galleries, the support: of 
construction are located on fisl. Pigure 233 shoxs she variants of 
equinoent of the foundations of guileriea in tnene sections. The 
foundations 2 are presented tc ccale ac developed by denipr of 
ferroconcrete ribbed slabs, placed on fil2. 


Such conditions complicate the equipzent of hanlage galierles 
and result in producing considerable difficulties pending on the 
sectional ferroconcrete designs. Under such complex conditions 
(unlike the above mentioned solutions of all-reinforced haulage 
falleries) one ought to recognize how expedient some combined designs 
ere, when tho sectional repeating parts are made from reinforced 
concrete. 


Pigure 235 shows a part of a longitudinal section, adjacen» to 
a deckhouse building - the haulage galleries of the capital mine shaft. 
The galleries are calculated for the car haul with a 2oad-carrying 
capacity of 10 t with the overall weight of the trotlcy with the ore 
ia 15.2 t. With an overall length of 151.5 m, the sgana of the 
galleries constitute 12 m and sometimes 24 m. ‘the distance besween 
the main trusses are 6 and 9 mn. The supports of the trurses are 
sectional ferroconorete columns, unitized in the cortatners of tha 
ferroconcrete shoes. The stability of the columna ‘3 provided by 
motallic joints, inetalled within the limits of each expansion 
block. Besides the ferroconcrete coluans the follox/ng secticnal 
ferroconcrete and reinforced gas-fired conorete designs have been 
used in construction: 


sectional ferroconcrete capping slabs with nominal sizer, 
1.5 * 6,0 a; 


seotional ferroconcrete flooring slabs with nominal sires, 
1.5 * 3.0 a; 
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sectional ferrovoncrete troadsice floor‘ng beara, which are 
divided into sections of haulage galleries with various levels of 
flooring (Fig. 236); 


sectional reinforced gue-fired concrete wall parels wits nominal 
sizes, 1.2% 6.0m, 


Tne cxpenditure of steel designs cf haulage galleries amounts to 
about 0.3 t, the expendituro of sectional ferrocencrote denigna - 
0.3 a? tol a of construction. 


With the possibility of establishing a uniform distanze between 
the trusses, equal, for example, to & a, it 12 expedient to increase 
tho degree of utilisation of the sectional ferroconercte structures 
of the construction. Thus, for instance, in a haulage gallery 
(see Fig. 235) in this instance made from metallic structures {t in 
Fersible, specifically, to maintain only the steel cappinge and 
flooring trusses. “All the remaining designs, including sectional 
flooring slabs with nominal siees, 6 =x 1.5 m, the capping slabe 
sectional broadside beams, sectional columns can be made of ferrocon- 
cretecrete, but the sectional wall panels - using sectional ferro- 
‘concrete or prestressed slabs, snd also using reinforced cellular 
concrece. The expenditure of metal, necessary for the erection of 
construction according to the described variant, ie shortened, the 
cost of the construction ia reduced. 


A further step in the way of reducing expenditure of metal 
when bui)ding haulage structure is the utilization of atl-re!nforced 
concrete structures cf the haulage galleries. With complex forms of 
gallerieo by design, and numerous adjoining structures and other 
local complications of construction, it 1s expedient to epply 
combined designs with a preferred introduction of precast reinforced 
concrecy and prostrcasead designe and the local inclusions of steel 
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Fig. 236. The transverse section of a 
section of a haulage gallery of a capital ore 
mine shaft. 
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@esigna in the roundings, in the angiea 01 construction, <n separate 
nonstandard spans, superstructures and so on. In particular cases 
with simple forms of construction sectional all-reinforced haulage 
galleries can be charactericed by Figs. 216 and 217 (under the 
conditZon of the exception of the wall filling lower thar of ‘he 
level of the flooring slabo). In this instance with mederate luade 
and with trolleys having @ load-carrying capacity up to 4-5 t, 

the expenditure of precast reinforced concrete constitutes about 

0.6 a, and the expenditure of reinforced cellular concrote, about 
Q.2 a} per 1 a? area of construction. One ovght to note that the 
latter indexee substantially change with a change in the «#idth of the 
“onetruction. 


3. Phe Calculation of the Construction of Haulage 


During the calculation of the designs of haulage trestlee am 
galleries, specific attention should be given to loads, acting on 
then. 


Apong the special loads of construction of haulage, there are 
mainly the loads from rolling stock. Just as in deckhouse buildings, 
7=- and also 16-ton eleotric los: 2tives here are used, and also 
electric locowotives of a large weight with trains of trolleya having 
a load-carrying capacity of 2.5-10 t (capacity of 1-4 n°) and others. 
The trestles and galleries are loaded with trains along with loaded 
or empty trolleys. The effect of vertical loads from rolling stock, 
the calculation of coefficienta of dynamicity, tha effect of the 
braking of the rolling stock, other loads, the values of ‘he 
coefficients of overload are taken just as for decknouse bulldings. 


The coefficients of overloa? of mobile load of span structures 
of trestles and galleries of capital mine shaft are taken equal to 
1.9-1.4. In this case the lesser valuos correspond to piers, and 
the larger - to haulage galleries. The coefficients of overload 
for a mobile ioad of ferroconcrete span structures of haulage trestles 
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and sableries ar gqual to 1.8 and 1.5. With a load of two, three 
¢ tracks, the vaiies of the coefficients overload are reduced 


4 dyniais coefficient (Fs) with haulage of tne car having en 
selk abit of tha loaded vessel of less than 20 t is taken 
tine, vo Ingtruct ions in 5 of Chapter VIII. 


The: dynaats actfon pressure of the eapty stocks and tenporary 
Aopizental loady ase nol coneldered. The horizontal loads during 
1 bractiuge of the rolling eteck are taken equal to 10% from the 
o.us af ‘ne vertical leads of rolling stock. The number of braking 
roaline stuck corresponds to the number of turning electric 


eomol t vet. 


The ianiings cutaide the over-all siees of mobile rolling stock 
ute usnally loaded having a tamporary evenly distributed load with the 
.cerficient of everioad of 1.2 ard 1.3. 


Scnvstant loads are predominantly considered with the introduction 
of tre soefficiant of overload of 1.1, and the determination of the 
woivt of the ballast - the heat of isolation - with the coefficient 
of over iad Cf 1.2. Aggonbly leads in the galeries and trestles 
usally ace nc- considered. 


The effec > of olasting is considered accordingly to data preeanted 
in t*:apter II. 


CHAPTER X 
QUAVEYOR SALLERIES 
1. General Information 


Conveyor gallerics are widely used in entersrises of variovs 
dines: mining, coal, coke, coment, fireproof xateriads Induarry, 
nongetallic, etc. 


Te chief data are noted be>ow on conveyor galleries, the 
attempt to bring to light their building and operation in the iron-ore 
industry, and reco: nendations in the way of diagrams and designs of 
che gallerigs are presented. 


Conveyor galleries in mines serve as the space for cne or two, 
and more rarely three conveyors. Their over-all sizes by devign aro 
determined by a number end by the sizes of the installed conveyore 
and by the widta of the passages between their frames and walls of 
the gallery. 


The width of a conveyor, determined by the width of its frase, 
depend on she width of the belt, which usually constitutes 5C0 up to 
1200 m. With sufficient accuracy it can be caid that: 


at belt width of 00 om frame width is 0,8¢ x 
oe -  " 500m "* nn * 0.98 » 
Pye s  *" 650 ao * nF 1.05 nm 
Ls n " "= 600 om id m "1.25 m 
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at be.. wideh of 1600 am frame width ia 1.50 « 
Lee e "1200 m = * 1.75 @ 
. . . a 2400 =m * a s 1.95 a 
ee - " 1600 m * * " 2.150 


The Veone of conveyors with beltea §00-800 mm 13 wider than the 
welt by 496.45 m, sith @ belt 1000 am - by 0.5 m, and with the widest 
belt + 59 0.55 8. 


aseuge from one aide of the conveyor, including the over- 
Ji sine of the heating devices, usually constitutes l-1.2 a, the 

C. cul slewance between the conveyor and the plane of the wall - 

wel ode DR 


Tuere is a proposal adout the width of a one-sided passage 
seis 1.4 ©, the sepatr slearunse being 0.5 m and each of the two- 
sid. ad passages dbelng 0.75 m. The width of the conveyor frames is 
proposed to be altiples of 0.5. 


Th €nia bnatanea: 


fer belt width of $00-500 ma frame width is 1.04 

" 690-1000 an " *" 1.50 
= 8 =  * 1200-1400 aa" = * 2.08 
vs = * 1600-2000 am ° » * 2.548 


The general width of the gallery ie also assumed as having 
ramedulus o¢ 0.9 u tnd xith one and two conveyors, it constitutes: 


t: Fl helt width &00-500 mm - 2.5 and 4a 

° 650-1000 am - 3.0 and $a 
- * ” 1200-14¢0 mm - 3.5 and 6n 
oP * 1600-2000 an - 4.0 and 7 


A pert of the lust sizes is substantially more than the usval 

of tae width of galleries for coemonly used conveyors. Thus, 

‘lngiarce, iwe conveyora with belts having a width of 650 mp cen 

Sebased «toa galley having a xidth of 4.1m. On the other hand, the 
sallery of Jom foe a conveyor with a belt having a width af 


inadequate. 
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On the basis of this, it can be shown, that for single conveyors 
galleries of the following width are necessary: 


3.0 m - for commonly used cer.veyore with beita raving wicth of 650, 
800 and 1090 & 

3.¢5-3.5 a - for aonveyors vith a width of the beis of 1200 ard 1lYot n 

‘On - * i se oe eee 1400 and 1609 o 

9.5 a io nn n °. a s ° s ® id ?b0g £ 


Por two conveyors galleries of the fo))lowing widsh are necessary: 


4.0 with belt width 500 m 

a.5.°° = “ 650 and 650; 650 and 1000; 800 and 690 
5.0 * * : 650 and 1400; 600 and 1200; 1000 and 1000 
5.5 * * s 1060 and 1400; 13700 and J200 

6.0 m with work- 1400 and 1000; 

ing passage 1800 and 1200; 

from 1.1 m and 1400 and 1400; 

wider 1200 and 1260 


It is recomaended to sssign 2.5 = as the height of the gallerics 
and this value is apparently oversize, since in practise, the height 
censtitutes 2.0-2.3 m. A height of 2.0 = is used 2n the absence of 
pipe lines, a height of 2.2-2.3 m is sufficient even with the in- 
atallation of lines over the passage and repair clearance. Inoependent 
of thia, o neight above the telts to the ceiling of the gallery should 
ccastitute not less than 700 ma under usual conditions. 


The given data about the height of gelleries pertain to the 
aulk of eceses for equipment in Inelined and horizontal galleries with 
the transport of material by conveyors, which do not possese the 
Automatic or other dumping trolleys. ‘ith dumping trolleys the 
height substantially c:nereases and it ie set accordingly to the 
specific taske. 


The covering of the belts 1s done only in specific cases with 
the transport of dust raising matcrial, with vapor-releasing materials 


and in some other cases. 


Equipment made of raiis or handrails, strengthening the Cranes 
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or conveyors, higher tnan the level of tne pelts on cach aide is 
recommended. The presence of handrails 1s equal to a substantial 
widening of the passages and to an increase in the degree of industrial 
safety. For convenience and safety the movements cf the operating 
perconnei, the walls inside the gallery are also uwqui¢ped with hand- 
rail::, but on she roufing metallic rails are installed. 


Wor the framee of the conveycre on the floor of the gallery 
Dara are laid, in necesasry cases they are provided with matching 
narts. 


fy & cule, in galleries one should provide lining for the 
water cipes with faucet fixtures snd provisions for flushing the 
ficora, walls and ceLlings with organized water outlets. 


Smooth pipes, set along the outer walls are used to serve 
heating devices. It 18 not recommended to fasten the pipes to the 
Crence of conveyors, eince this would require their frequent cleaning 
of an ore and dust and it hampers the servicing of the heating syaten. 


Electric cables are suspended on insulators to the roofing 
above the repair clearance. 


2. Schenes and Designs of Galleries 


The safety guards of the galleries should have a minimum weight; 
therefore the filling of walls with masonry of brick and slag blocks 
anculd not ce used. For filling the walle it 1s expedient to anply 
sheathing with light heat insulation contained between the two 
asbestos-senent sheets. During unfavorable temperature-moisture 
condiidens, tho walls of galleries are in operation using warm panels 
vuapused of supporting ferroconcrete prestressed slabs and light-weight 
s.abs providing the siaplest protection against moisture. 


inc (looping of the galleries in all casea are asde of ferro- 


tonerete ard prestressed sectional slabs. The designs of the capping 
ir th: mst projects are analogous to the designs of the flooring. 
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In a number of cases light-welght dealgns «re ules weed, besec upor. 
the introducticn agbestus—cemest si:cesa, asbestov-cement shieles anda 
panels. 


The date boluw mentiored atcus tse wefght of sonveyor galleries 
characterize the value of supporting detigns and the uesigns of 
guards. The weight indexes of taw gurvctucec, unc alse the indexes 
of the expenditure «f the scee] and the dcgree of industriel Jicsigns 
wnolly depend on the selection of these elements. 


The spane depending on the neigh: of the comtruction Bnd 
eaployed cesigns change xitnin relatively large limite. The cpanc of 
wooden galleries usually constitute 5-6 a, and aometimes with span 
structures made of sruoses extended to 15-29 and 22m. Tha spans of 
galleries using ferroconercte and cembincd designs are aqua) %o f-15 m, 
but sometimes reach 85 m. The spans of autallic yallerics are 
frequently found within the limits of 18-24 m; they also are used in 
spans up to 30 m. The spans of steel galleries frequently reach 
§0-60 m, sametimes 100 m. With an increase in the height and length 
of a gallery, in the degree of constriction of the :anding and ir, the 
complexity of tha foundations and bases, the significance of she spans 
increase. 


It is necessary to note the large variety of designs, particu- 
larly the lengths, spans, inclines and abutmente of galleries to 
adjacent construction, which in a number of cases, strongly complicates 
and hampera the utilization of sectional ferroconcrese prestressed 
designs. Under these same conditions the replacement of metallic 
supporting designs with heavier ferroconcrete ones frequently does 
mot provide a substantial reduction of the expenditure of the metal. 
Gherefore, even today rather broad utilization of the steel designs 
of galleries 19 observed. 


Metval)is conveyor galleries. The cptimunm xpans of the steel 


trusces of inclined gallerics with Jight-welsht guards (with Cerro- 
concrete slave of flouring up to 3 & in length) and with an overall 
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length of the gallery of 60 m are equal to 15-20 a, and when faced 
with difficulties particularly with foundations and the interception 
of communications - 18-2" a, Under the sane corditions, hut at less 
angles of elupe of the galleries, amounting to 0-16° to the horigon, 
the optioun span of the trussee depend on the average height of the 
coluans and it exceeds this amount by 15-20%. With the height of 

the floor of the gallery over the ground surface of 15 m and higher, 
the optimum ¢pangs of trusses are equal to 18-25 m. Using these spans 
the least sum total expenditure of steel ie assured which is 

necessarzy for the manufacture of the supports and span structures. 

‘ine minioum expenditure of rolled steel for an inclined gallery with 
light guards having a width of 3 m (with the flooring slate up to 

3 m@ in iength) with optiaum spans and a length of 60 a constitutes 
0.15 c/a’, but at a length of 90 mw - 0.17 t/a* of the area of che 
pier. The eapenditure of steel increases approximately up to 10% 

with the partial utilization of heavier guard designs, for exazple, 
*ith the introduction of ferroconcrete slabs in the flooring and 
capping. Tne indexes of the expenditure of steal diainish approximately 
202 with galleries 6 m in width. With wide galleries and with an 
errangexent of the conveyors at the top of the truseece (Pig. 237a) a 
certain decrease in the expenditure of steel designs ia possible 
because of the lighter weight of the transverse beams of the galleries 
with their smaller span and partly because of the reduction of the 
height of the supports. ‘hen dealing with galleries of a comperatively 
aaall width, qual to the distance between the trusses, then the weight 
of steel designs according to variants b and c (Pig, 237) will prac- ‘i 
tical:y ae oqual. In this case the weight for variant c (Pig. 237) 
can be less in comparison #ith variant b. This can be explained by 
sam preferential utilization of galleries with conveyors on level with 
tne lower flanges. The arrangement of conveyors towards the top of 
che trusses is recommended with high humidity in the gallery. 


cne uught to shew che coneidorable details of the equipment of 
conveyor galleries with aetallic supporting structures. 


The frame of the galleries should be invariable in longitudinal 
and transverse directions. 
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Pig. 237. Diagrams of conveyor galleries: a) wide gallery with the 
arrangement of conveyors towards the top of the trusses; b) narrow 
gallery with the arrangement of the conveyor tcxarus the top of the 
trusses; c) narrow gallery with the arrangement of the conveyer towards 
the bottom of the trusses; 1, 2 and 3 - the guards for the capping, 
walls, Clooring; 4 = frames of the hip of the gallery. 


Lengthwise to the construction the fixed and movable supports 
in accordance with the placing of the expansion joints are provided. 
Distances between the expansion joints ure taken within the following 
limite: 


for the heated galleries with loads from the conveyors along the 
lewer strap, the length of the temperature block should not exceed 
150 a; the presence of the open or half-open straps frequently results 
in the reduction of the length of the expansion block; 


for unheated galleries with the coid guards of the walls and 
flooring, the distance between the expansion joints should not exceed 
120 m, but for practically open galleriea with large breaks in the 
guards and with the partial or complete absence of guarda the distance 
is taken within tie limits of 90-100 a. 


The ratio of the span and the height of the trusses of the 
galleries constitutes 10-12. With a lower arrangement of the 
conveyors the height of the trusses frequently is taken equal to 
2.4-2.8 m, which is deterained from the condition of sufficient height 
of the passages. 


The fixed supports of the trusses of a span structure are 
predominantly set at the lower ends of the expansion Plocks of. the 
inclined span structures and they are usually installed on concrete 
and ferroconcrete foundaticns and uprights as well as on stee) tower 
eupports. 
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The upper supports of she trusses of agalileriec are wnoblie, with 
tia utiiization of tangential and partly otcer supports with the linear 
transaiesion cf the loads and flat supports, but with spans of more 
thar 25 m and with the cuppor: of the span structures on stone walls ~ 
reiing supports, ith a support on a steel or ferroconcrete frame 
end allaxing Zor of tla forces of friction the ctiltzation of 
tanzential and rial movable supports ig possible. Intermediate steel 
planes in the direction of the length of the structure of che support - 
of tne galleries are ccnsidered as pendulum uprighte, hinge-connected 
xvlth the trusses and fcundations. The mutual fastening of the trusses 
vid interaedinte supports are ‘isually made on bolts without the 
possibilicy of displacezents of the trusses relative to the uprights. 
in the prmsence of intermediete pendulum uprights, the rolling support | 
is installed at the end of the expansion block, 


‘he trusses ef the galleries aro used vith sarallel straps and 
ascending braces of the cupporting paneis. The grating of the trusses 
ave trianguia: and dilagenai shaped. 


The epur. structurea have Joints along the ugper and lower straps 
of the trusses, have surpvorting portals and lightweight vertical joints, 
arrange ir. steps up to 6 m and are presented as angular junction plates 
in the Jotrts of the abutment of the capping beams to the uprights of 
trusses. Sonmetimos, rigid unitized diaphragms of the flooring and 
capping structures of the gallery are used as joints on upper or 
=n the loser strap: of sue trusses. 


Pist freme supports of guilerics have predominantly right 
ung:ed forms, and are ueed also as the supports of trapezoidal and 
complex forms. In the latter case the upper part of the support 
usuelly is right angled, and the lower part, trapezoidal in outline. 


Me grating cf the supports are usually taken out of cousidera- 
tion cf their convenient transport with the least shipping cost. The 
height of the supports of the galleries ie taken predominantly up 
to <0 @, in a number of casex, up to 40 wm. The width of the supports 
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at the base constitutes )/6 to 1/* of their height. ‘fhe first value 
1s taken with the aupports of right angied outiines, the latter - 
with trapezoidal and complex supports. The supports 27f right angled 
outlines having a width up to 3.5-4 = are used in galleries with their 
height up to 16-20 m, and with a wiutn of 6~8 « up to 35-90 m, The 
supports of trapeziform and couwplex forms is recommended for use with 
a ratio of the height of the support to its width equal te 5 and mere. 


Pigure 236 gives diagrams of an elevated inclined and noritontal 
metallic conveyor gallery, but in Fig. 239, diagrams of the support 
2, shown in Pig. 238. The remaining supports are analogous to support 
1, besides support 2, which in view of the greater width of the in- 
clined part of the gcllery, and aleo the limitation of its overall 
size is characterized by the presence of a cantilever (Fig. 240). 


The cantilever is used for a device with one side inciined, and the 
other eide, with horicontsl trusses. The secend inclined and hori- 
zonta) trusses of the considered section are located in one plane; 
the corresponding subassembly is shown in Pig. 241. The run-of-aine 
6upporting subassembly vf the horizontal trusees, sct on pendulum fiat 
eupports, is given in Fig. 242. The lower supports of the trusses of 
vhe inclined span of a gallery are fixed. The opposing extreae 
supports of the trusses of a gallery are the rolling type. 


nw ey %, 
a) at st we “to, 
iS 2 “0p 
Feels bel oma %e 
») | 
0) 7 


Fig. 238. Diagram of inclined and 
horizonta2 conveyor galleries: a) pro- 
file; b) pian for the upper belts; ¢) 
plan for the lower belts. 
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— 45) 
Pig. 239. Fig. 240. 
Fig. 229. The diagram of a flat support according to Fig. 238. 


Pig. 240. A diagram of the support on the Sunction of the inclined 
and horizontal sections of the gallery according to Fig. 230. 


Pig. 241. Subassembly at the 
junction of the inclined and 
horizontal sections of the 
gallery. 

KBY: (a) made of; (b) plate, 
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Pig. 2k. The supporting joints 
of the horivunts: trusses of the 
gallery. 


Pigure 243 give transverse cuts of the apan structures of the 
Salleries in horizontal and inclined sections. 


Throughout the gallery there are warm unacicsing designs, Siaos 
of portland cement fibrolite and mineral fiber serve as hest insula- 
tion. In the cappinge and flooring the heat insulatior. ts paleed on 
the unitized sectional ferroconcrete slabs. In the wallg tne heat :n- 
sulation is inserted in the composition of the sectiona) shiclds of the 
wall guerd barrier of the galleries, faced on two sides with asbestos- 
cement corrugated sheets of 9 reinforced profile. 


The overall length of the construction 1s 111.2 m, the expendi- 
ture of stee} in gallery constitutes about 100 t, the average weight 
of the steel etructure per 1m of construction - about 0.9 t. In 
this case the weight of ‘the span structure having an average width of 
4.7 m constitutes 0.7 t to la, or 0.145 t per 1 a” ares of horizontal 
projection of the fluor of the gariory. dnen evaluating these indexes 
one ought to consider the increased height of the gallery ir its 
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ine Ulned seetion, and the utilization hore of the existing trusses 
and the cessiderable dirrleulties of joining the inciined and horizontal 
parts cf the construction (ace Fig. 290). 


Pig. 2&3. A section of the galleries 
according to Fig. 238. 


Loads on the span structures in ‘his case are somewhat increased 
in sernection wlth the utilization of the ferroconcrete ritbhed 
tapping ciace having a length of 4.5 m@. At the same time she inercase . 
in the length of she secvional slabs of the basic sections of the 
gallery up to 1.5 ais reduced to the simplification of transverse 
beans and joints of the capping, and to the reduction and sinplifica- 
tior of the assembly operations. The installation of the gallery was 
perforned in short order despite the intersection of passages of the 
gollevy by a number cf existing routes, buildings and construction, 


Tt 48 possible to note that with less width of the corstruction 
-5 @} such galleries are characterized by an expenditure of 

wel steueLsres, equa) to 9..5-0.18 t/a’. In all the galleries the 
utilize ise .o the increased sectiona) ferroconcrete capping slabs 


298 


based on aizes did not lead to an increuse in the expenditure of the 
metal. Therefore, tha desigr. of tre zallerics, the cpan structures 
of which are characterizee hy a iength, a multiple length of the 
standarized ferroconcrete an? prestrossed :irgvesize capping plates, 
merit attention. 


The utilization of the staudarized luzyeevize capping and 
flooring slabs and of the gallertes is characterized by the dingraa 
of the formation of the span structures of the galleries, which is 
as follows. The modulus of the length of tae gallery, measured along 
the axis of the span structure, indevendent of the slope of the 
galleries 19 taken equal to 6 mp. The lengths of the opnn structures 
are equal, in this way, to 12, 18, 25 and 34m. Each of the nancd 
spans diffars from tne adjacent in presence or in the absence of the 
aix-meter section, which has two panels (Fig. 24sa). 


ewe 


way UO mI 
PAZ DpowoocI 


pes rsa Q mara 


Pig. 244. D‘ngrama af universal con- 
veyor galleries, ccmpoged of trusses 
with repeating sections 6 m in icngth. 


Large size slabs on the beane, located in the joints of trusses 
can serve as the supporting designe of guards in a part of the capplig 
and flooring of such a gallery. A series of floorings of the galleries 
oan be formed with one type and dinensior of slabs; for example, vlabs 
with noainal sizes 1.5%» 45.0 2. In tais instance «ith the width of 
the gallery in the axes of tne trusses, comcehat larger than 3 m, two 
large size slabs (Fig. <+5), with a width cf t.§ m = three slabs, 
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and with a width, somewhat larger than 6,0 a, - four large-size slabs 
are placed in the tcansverse section of the gallery. With the intro~ 
duction of tc type and dioencion slabs, 1.5 = 6.0 m, und 1.0 © 6.0 a, 
1: 1s pessibie bv obtain a series cf galleries with the width in the 
axes cf the trusses, scmuwhal iarger than 2.5, 3.0, 3.5, 4.0, 4.5, 
5.0, 5.5, 6.0, ..., & (Pig. 2uab. 


“lg. 245. Untversal sectional conveyor gallery with ferroconorete 
prestressed or steo) trucees having a separ. of 12, 18, 24, 30, ..., m: 
1 - truss fron prestressed reinforced concrete or steel; 2 - trans- 
yerse steel beas-junetions, spaced 6 m apart; 3 - structural standa- 
rizea (and special) preszressed ferroconerete capping and flooring 
slabs with a length of & m; 4 - heat insulation; § - the shields or 
ranela of Lhe wall guard; é- space for pipe lines and cables, 


lL ls more expedient, however, to use two type and dimension 
sinos, 3.40 = 6 and 2.9 » 6m, the presence of which makes it possible 
te foo ® serivs of galleries wilh a aldth in the axes of trusses, 
vemenhat lurges than 3.9, 3.5, 4.0, .5, 5.0, 5.5, 6.0, ..., @ 


fincas, 2x £m, are characterized by on 3anll] expenditure of 
veinfereed concrere, coneieting of atout 5.8 em. If we also take 
inle aetourt thet a series of slabs having & aize, 1.5 x 6m, can he 
ropiaeed (in gallersen of the width comewrat larger than 3, 4.5, 5. 
5. EB, 7, 7.5, 8, 9 ) by move effective atandaricod slabs, 3 « 6 m, 
ith <. gbven axpendtture of retnCorcsed concrete of 5.2 cm; then, the 
AO expend: ture sf pelstorecd cenerste on the sapping and flcor- 
Poa oe apes dn thee cease tne vedsmed #111 maount to about 


ju) 


Among the menticzed structural slats, culy the clsv, 274 «, 
is special for gallerios; 31] tho sacaining slabs (2.5 45 wai 
3.0 « 6 m) are inoluded in composition of ectandarizen construction 
structures. 


In cor.clusion it 16 possible te nete the follewing: 


a3 a result of using cne special tyse and dimension of 
Cerroconcrete ribbed slabs (2 « 6 a} with mtailic trugses ard trans- 
verse beams it 1a foyslble to fore u series of span strustures of 
gonveyor galleries xlth apany J2, 15, 29, 20 m and with their width, 
3, 3-5, 4, 4.5, 5S, 5.5, 6, -.0, a 


as a result of using two-three type and dimension ferrsscnorere 
prestressed trusses with parallel straps (see Pig. 265) 1% is posnible 
to form a series of span structures of sectional ferroconerese 
conveyor galleries vith spana 198, 24, 30 o with their width 3, 3.5, 
95, 5, GS, ceee & 


Both with steel, and ferrocuncress prestressed trusses in 
the design of the described universa! galleries it is expedient to 
maintain the metallic transverse oeame, spaces ut u distance cr € x. 
The expenditure of metal to the transverse capping =ni Slocring bewns 
camprices for galleries having 3 width of 3m, oniy about 6.01 t/n®, 
ard for galleries of a width of 6 = - about 0.02 t/a’. The presence 
of steel transverse Seams makec it pessible to easily change ‘ho 
width of gallerics over wide lintts. ‘Transverse beams are convenient 
and reliablo elements of tic Joinza on the upper and lower atraps of 
the trusges, 


Since the capping and fluceing slals are welded on the trans- 
verse beans and straps, unitized and represent invariable diaphragms, 
shen there is no need to use uteel joints on the upper and lower 
straps of the trusses. 


The gtllery according to Figs. 24s and 246 differs ox she cwall 
number of transverse capping are flooring beams (2-j tines legs than 
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4m comparison with tne abcve described solution). With a span of 24a 
the nuxber of intermediute trsnsverse beams of & span structure are - 
equal oO « As opnesea to 22 berms, usec, for sxampte, in a conventional 
Ainelined gallery. Dartng the tronsition from small aize ferroconcrete 
Cupping and Sivorsiys miabs ce large alice slabo the expenditure of 
reinroveed voncrete per uily of area of the gallery increase somewhat. 
However, tae positive: aspocis of vsing large-panel slabs are yo 
otvious, Lhat the noted circumetarce hus ne significance. Furthermore, 
decuuse of the dezreao® in sw number and weigit of transverse beams 

and exclusticn of Joints the general weigt:t of the steel structures 

eas in camperiacn with their wolght for galleries. 


cam ce suhatarnttaliy 
with amasl-size slabs. 

Figure 256 shows a diagram of the conveyor gallery, developed 
partlalty in accordance wit) the given positions. The complete 
length of the gallery 143 746.8 m; in it there are two expansion 
dlocks for $ spans with the sizes of each, 24.4 a, in the axes of up- 
rights and 24 #, in the axes of the supports of the trusses. Fron 
the externa) side of each bJock fixed support ers placed; all the 
remaining supports = mobiie snd presented as flat pendulum uprights. 
The transverae section of the span structure of a gallery 1s presented 
in Fig. 247. The gallery i6 compose’ of trusses having a span of 
24 a, having transverse beaas, spaced 6 m apart, lengthwise to the 
construction, ane having stee) Joints on the upper and lower etraps 
of the trusses. 


eo eee + Whe tararaag-—. oI 


Pig. 246. Diagran cr a conveyer gallery with 
Lrusyea having, a spon of 28 @ and sectional 
Yerrovoncrets capping arj flooring slabe with 
nominal lengyhs of € wm. 


20, 


Fig. Ji/. The transverse section of 
the gallery with lorge-sire capping 
and flooring slabs. 


Standardieed capping slabs of irdustrial oulidings with nominal 
pizes, 1.5 =» 6.0 @ are used as capping and flooring slabs of the 
gallery. These slabs rest on the transverse beams and are braced to 
them using welding of matehing parta. The wall guard of the gallery 
is represented by warm shields made of mineralized felt, set between 
two layers of asbestos-cement corrugated elabs of a reinforced 
profile. 


The expenditure of the steel designa for the manufacture of 
the gallery is equal to 170 t, including 0.53 t/m of gallery or 
0.15 t/a? of the area for the span structures. The indexes of 
expenditure of the steel for the given gallery are somewhat lower 
than for a aetallic gallery with amall-size slabs. iowever, a 
gallery with large-size slabs is characterized by a small numer of 
elements of span structures and by the esasll number of more reliable 
bracings, respectively. On the basis of thia when selecting apan 
etructures of galleries, one ought to prefer a design with lurge-size 
etandarized capping and flooring slabs. The weight and indexes of 
the expenditure of steel according to the deaigna of universal 
galleries can be improved bycause of the lightweight capping designs 
using asbestos-cesent shields and panels. 


Independent of this, under the contitlon of using standarized 
ferroconsrete slabs [t ix necessary to show the poysibllity of reduc- 
ing the weight of the steel structures oF galleries by comparison 
with indexes given ir Ue Jescript‘on of etructures in Fig. 297. In 
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the gallery (see Fig. 247) with the liniteunese of the assortment of 
rolled eteck the fulloming excesaes ore intveduced 1: comparison with 
the recommended solutions of universal galleries according ta 

Fig. 245: 


2) the numper of lurge-siue capping 8iabs of the galleries 
fa increaged az opposed to that require: by ..% tines; 


2) all tac sapnping and flcoring siabe of a gallery are only 
taken at a wlath of °.5 a with the given expenditure cf reinforced 


sonirehe 40 6.5 cm; 


3) the volume of Insulation of the capping subatantially 
Increases a3 opposed I> that required becausn of the uacescive 
increased ‘ncline of the coos lng; 


4) steel iointe are inetalled aicng cae upper anc lower 
SUpaps of she trusses; 


5) tenpecary Inada were Increesed ns opposed to the data, by 
302. 


At the exception of the enumerated deviatiors one should expect 
a reduction ir. the weight of the steel structures for the examined 
exitery having a width cf 3.5 2, by approximacely 0.04-0.05 t/e*, 
f.e., up to 0.1.12 t/a. 


Standard wmsteilic conveyor galleries of a widts of §&.5, 5.0 and . 
5.8 m have teen develoged for spans of 18, 24 end 30a, The galleries 
ave designed fur two conveyors with 2 widta of the balts: 


az gallery wi ath of 4,6 m = 8N0 and 300; $40 and 1000 mm; 
" 5.0 x = 1000 and 1063; 200 and 800; 
650 and 1400 ea; 
. . no BLE m= 1200 ard 226"; 2900 an? 140C mm 


& distances betwen the: axes of tne Leusses of the galleries 
sarieyper ds ce the «tidus of gatierfes (4.5, 9.9, 5.5 0). She lengths 


of the trusses are equal 18, 24 end 30 m. The trusses have 4 delta- 
shaped grating with the uprighte end suspensions; the lengtn of the 
panel is jm, the height cf all trusses Js 2.6 m. The span structures 
do not change with a change in the angle of @ slcpe frox U to 16°, the 
change in the incline iv reflected only in the devlgr of the support- 
ing Joint of the cpan structures. 


The supports and foundations in the composition of standard 
galleries are not included and are deveioped in exch case as in- 
@ividuel designs, depending on the aren relie!’, the scndition» of 
approximity to buildings and ccnstruction, the nazure of coils and 
so forth. 


The galleries are either heated or unheated. The heated 
salleries have lightweight heat irsulation for the walle, cuppings and 
floorings. The heat inculatior of the rocfing and ricoring is made 
from autoclave foam concrete slabs with & volumetric weight of 
400-500 kg/a?. The enclosing designs of walls baced cn one variant 
are arranged using warmed usbestor-cement sniields with a wooden 
frame with heat insuletion made of oineralized slabs of volunetric 
weight of 300 kg/n3, In another variant fer the barrier of the walis 
single-layer panels made frum reinforced autcciave celiular concrete 
(Pig, 248) te used. 


Peg. 2u8. Standaré metallic con= 
veyor galieries with a span of 16, 
24 and 30 @; seczlon; 1 - trusses 
with heign: of 2.¢ m along the pad 
eyes; 2 - sectional ferroconcrete 
of prestressed capping and fiooring 
slabs of sizes, 2.939 « A.MA; 

2.98 & 4.98 nnd 2.98 x 5,48 me, 


Special large-eize ritoed pres'iresaed ferrocencrete slade, 
3.= 4.39 « in eize rest on the upper and lower chords of the steel 
Lrussay for a galisry of a width of 4.5 m, 3 = 4,99 a for @ gallery 
of 4 wiuth of $.0 2, and 3% 5.49 » for a gallery of a width of 5.58 
(Fig. 248). 1¢ 48 cbvious what at each width cf the conveyor gallery 
mw seccifickhlly destgned vtrusture of prestressed capping and flooring 
flubs sisuid also te developav, which shouid hyve a length, which 
correuspenis to the width of the gallery (3.94, 3.94, 6.44, 6.94, 
7.54, 7.94 a, etc.). This is the great deficiency of the deseribed 
stvaniard merallic gaLle:xtes. 


it ia neaessary tc stow only that the direction of the spans 
¢f slate by decign snould te changed so that the clabs iay not across, 
but povalle] to tre trusses of the standard galleries. In this 
ingtance the chief doficiensy of standard gallories diminishes, and 
bli <=he capping und flouring elads can have an identical length, 
equal, for exaaple, to 6 m with various epans (18, 24, 30 m) and at 
different width of the galleries, which consJst not only of 4.5, 
5.5 p, bur also 3, 3.5, 9.0, ..., 6.0, 6.5, 765, 705, --05 Me 


The transverse slabs of standard galleries ure welded on the 
matching parts to the flanges of the corners of the upper and lower 
shor4s of teamn; the seams between the siaos are uniticed. In 
accorzanay with thn presence of obtained diaphragm in this way the 
atee) Jointa on the upper and lower chorda of the trrvases are 
excluded. Cn tne supports of the span atructures steel portale 
Gre provide). 


In Lhe Jower jJoircs of trugses fixed oupports, and in upper 
extreme jointy - movable eupports are provided. In the presence of 
rvornedjate pendulum uprights, the support of the trusses, plane 
linear using narrow ribs, the supporting surface of which is planed in 
accerisnes with the Inallne of the gallery. 


In accordance with the exclusion of ateel Jolnto, beane and 
the utilization of the prestressed ferroconcrete capping und flooring 
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slabs having a width of 3 wm (with a giver expenditure of reinforced 
concrete of about 5.5 cm) the ocetal structure galleries are character- 
ized by good weight indexes, e 


Por heated gallerteo with spans of 2430 m ard with the Width 
of gaileries at 4.5 m and with @ enow luad of 150 kg/n?, the weight 
of metal structures constitutes 0.99-0.11 t/n*. Tne weight of the 
metal structures for the heated gallcries having a width of 5.9 7 is 
less by 8-9%, and for gallerics of a width of 5.5 9 ~ up to 10-11%. 
The weight of the metal structures of the heated galleries cf the same 
design with a span of 24-30 m, but with a width cf 3.0-3.5 m, will 
be 0.09-0.13 tin. The weight of the metal structures of hoaed 
galleries with @ spar of 18 m constitutes 75-60% of the lesser above 
mentioned values (which correspond to galleries with a spun cf Z4 m}. 


The weight of the metal structures of span structures of hented 
gollertes with spans of 18-24 m constitutes 90-95% of the weight of 
the metul structureo of heatod galleries. The legser one presented 
here are the values percaining to galleries having a wiéth of 4.5 a, 
larger ones ~ galleries of a width of 5.9 and 5.5 ©. ita spana of 
30 m and a width of 4.5 a, the weight of Che metas etructures of un- 
heated galleries constituzes 75-80%, but with tie width 5 and 5.5 = - 
85-90% of the weight of the metal structures of heated galleries. 


The weight of the steel of the ferroconcrete slabs above, in 
all cases, are shown. 


The difference between the indexes of the weight of the metal 
structures described above of universal (?ige. 284 and 245) and 
otandard gallerias given here (Pig. 248) in all cases will be dis- 
tinguished by the amount of weight of the transverse beax-joints, 
which comprise about 0.01 t/u? for gallertes having 4 width of 3 a, 
and about 0.02 t/n? of the area of the gallery for galleries of a 
width of 6 ». 
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Porrocanerete conveyor gallerein. There ere the examples of 
the erection of furroconzrete prestressed galleries «ith span 
structures nade from channeled fercuconcrete sections with spans of 
36 _ (Pig. 244) snd 88.7? a 


a Reles eer Se a, 


ay £ 


Fig. 269. « cenveyor gallery with a span of 
35.8 w sunita ctresned-reinferced span 
structure, assenbled from chenneled ferro- 
conerete sections. 


Standard apan structures of gslierier made from channeled ferro- 
eonereze units have teen developed. . The width of these galleries 
19 2.9, 2.6 and 3.5 o; the apans of the gallerteu having a widtb of 
2.5 and Fn = within che linits of 27-51 «, and galleries 3.50 - 
from ig to AS m. 

The presentation of caliecies with span 3tructurse made from 
channeled units gives 1 dessriovion below of galleries of a width of 
2a. The span structure of the ga:lery consists of intermediate 
sections and supporting portaiis. Esch interxeciate channeled section 
evraists of two separately made ribbed walls and two flooring plates, 
salen unlle a3 A box durtng Savemely. The sizea cf the intermediate 
cninne led section, 3.2 x 2.5 « 5.65 m; the seams between sections have 
a width of €.:5 1, acd the noaieal tength ef a section is 6p. The 
tifeknass of the glebs ui Internedtate sections is 90-90 mm, The 
atpporving partals aave a length of 1.5 m and present monolithic 
boxes oadw cf reinforces cunsyet: sith the Ghicxness of the walls of 
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270-350 ap, The intermediate chinnueied secticns ons supporting porczale 
are united by means of weldings with subsequen> ccwented transvorse 
veans. Por the manufacture of the acctiors end porsais conorcte of 

@ gvade 400 ie used, for the filling of she scam - concrete cf grade 
500. 


The high-strength stresscé stov. franeuvrk uf the span etructure 
consists of beams of highes:rength carbon wirw aenany a dlaneter of 
5 mm with an ultimate strength of 17,000 ka/en’” . The steel framework 
of the beams is located inside the gallery siong the walla, and in 
supporting protala - inoide the apertures in the widened “alle of the 
portals. The axee of the bears form curves, ciose to that of 
parabolag. The fastening of the beams to interned‘ate sections is 
Secured by matching parta. 


The heat ingulation of the walls, capping and flooring of the 
@allery <s done with celluler concrete having a thickness of 100 op. 


The weight of tho ferroconcrete designs and heat insulation of 
the span structure of the gallery having ea width of 3 m witn spans 
of 27-52 m constitutes 1.45-1.50 t/a of the area of tha gallery. ‘The 
expenditure of the reinforced concrete is equa) to 6.49-0.52 mn? per ~ 
i no? of ares. The expenditure of stee: for the sane apan structures 
aith a span of 27 m is characterized by tha value of 0.07 tn? cf the 
area of the gallery. In this casu about 0.01 t/n® of high-strength 
wire is necessary. The given expenditure of meta: in this case rT) 
equzl to 0.08 t/n?. One ought to show that the standard oetallic 
Conveyor gzlleries (Pig. 298) having a width of 4.6 p with a span 
of 24 o@ are characterized by an expenditure of mezal of 0.07-0.08 t/n’, 
and the octallic galleries of tha sane type with a width of j pm - by 
an expenditure of metal of about 0.09 t/a’, The expenditure of ‘steel 
for the span etructures of ferroconcrete galleries described here 
with speprese’ seotions along vith o opan of 515 1a equal to : 
0.09 ta? » Of which almost 0.03 t/a? is attribused to high-strength - 
wire; the given expenditure cf metal in this case ‘e 0.14 tym‘. The: 
weight of the steel structurce of standard mezallic galleries (sec 
Pig. 248) with @ opan of 30 m and a width of 1.5 © is equal to 
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0.2) t/a, Sut Lh. weight of the meta: of such galleries with their 
width at Jom ceustitores shout 0.13 t/om. 


le In gegsible to aote thas bie Inéexesa of the expenditure of 
eeinforesd cenerete ad or avecl ror yatierige with channeles sections 
with thelr teh: at c.5 and §$.5 a ure somewhat impreved as opposed to 
'rceats fow galleries cf a widen of Ja. On the whole, however, 
nillerlon with cheneled neecioms are characterized by excessively 
large weisht, Sy bleh expenditures of ster} and of concrete of high 
arade und hy a cony!desasic inpus Labor. 


Figure 2°) shows & seztionnl (erroavnerete conveyor gallery 
of an ove-concentration coxcim:. Thie gallery, for the greater part 
4s marked out with 3 saa;l incJine, ehich approximately corresponds 
tc the surface. The average height cf the gallery J3 about 7 m, with 
a width of § pm, and tae length of the zenstruction iy 2063 a. The 
spans of the gallery on thy incline are equai to 12 a. ‘Tne distances 
betacen the aections!l ferroccnerete uprigats cf the sonstruction are 
sige close to 12 a0 (the szatl sectlun of the gallery has uprights, 
spaced at a distance of atouy 6 =). Ine expansion blocks of the 
gailerzes have a length of 60 m ane are “1mited by uprights. The 
passage from the sentra: upright to vhe span structure of the gallery 
is previded for because of the utiiization of transverce double- 
cantllever sectional ferzoconcrete prestreased croso aexbers, on 
wrier She main longitudinal beanyg of the span structure rest cirectly. 
fecticnai Cerzeconcrete crestoessed standarized Crame-supporting 
beams (PINE and PENEK; with an inclined lower chord having a length 
af 12.98 @ are used as tha main beans. The ribbed flooring slabs rest 
dlpectly on ube nate beams and tne srasverae ferroconcrete frames are 
sev at w @istance of € x. Sing e-layer wall panel: made of cellular 
consreze ave braced to the uprighte of the rans ani the ferroconcrete 
capping elabe res' cn the cropapteces of the frames. 


The excendituve of the reinfcrces concrete of grades 400 and 


2) oun the upper steuctuim of tae galery, the mais Scone and trans— 
BASES Nevnape?d Cpumso capping and Vlooring alsks cauatitute 0.36 n? 
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per I a? of area of the gallery. Vor «olwang, crosemonbers and 
foundations the additional oxpendt:ure of reinforced concrete 
constitutes 0.22 3 per 1 2? of area. The expenditure of steel on the 
span structures - about 0.10 tym? of the ares of the gallery, which 
exceeds the expenditure of steel, necessary for a standard metallic 
conveyor galiery having a width of 5.5 m with spans of 14 m (cee 

Pig. 248), which constitutes about 0.07 yn’. The weighs of the span 
structure of the gallery constitutes about 1.5» per 1 n? of area, 


Fig. 250, Structural conveyor galleries with a span ef 12 m made fsrom 
prestressed reinforced concrete: 1 = foundation; 2 - structural ferro- 
concrete upright; 3 - structure] prestressed ferroconcrete crossmember, 
4 - structural ferroconerete prestressed (etandarized frame-supporting) 
bean with an inclined lower chord naving a length of 11.94 m; 5 - 
structural ferroconcrete flcoring slabs; 5 - structural ferroconcre‘te 
transverse frame; 7 - structura! uingie-layer panels of the walls; 

8 - structural prestressed ferroccnzrete capping slabs. 


The general indexes for the gallery can be somewhat improved, 
specifically because of & 2ore rational solution of the lower etructure 
With a considerable width of the gasiery and comparatively sna) 
holght the introduction cf heavy prestressec cressmeabers is not 
@ rational measure. UJring the erraungement cf single columns under 
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che wain beame, 1.c., using two sigple columna spaced 6 a across, and 
with the -ntroduction of lightweight transverse joints of the columns, 
the indexes of the expenditure of reinforced concrete are reduced. 
However, the examined ferroconcrete structural gallery, despite its 
linited span (12 m) and hefght, is characterized, on the whole, by 

the increase? expenditures of the basic cons“ruction material, steel 
and exceedingly large weight of the span structure. 


The satinfaccory gravimetric and other ‘schnical-economical 
indeacs of tne conveycr galeries, carried out during tne preferred 
uri 3}izatien cf supporting ferroconezete structures, can be obtained 
only under the condition of a considerable decrease in the weight 
of the gailory. This mission, in turn, sylvos {tself only under the 
condition cf using ferroconcrete, specifically prestressed, support 
cesigns at a minimum necessary quantity. The weight of the enclosing 
cesigns, erimarily the weight of the walls and capping of the gallery, 
usually also produces a considerable load on the support structures 
of tho gaJlery and it should be, in 411 cases, as short as possible. 
TL che utllination of the rock, brick and large block masonry of the 
walls in the galleries is inadmissible, then the utilieation of well 
panels of relatively increased weight and single-layer panels made 
frem reinforced cellular concrete iu not recumaende2. Tho weight of 
th» barriers of the walls and the cappings of the galleriog, including 
the weight of hest insulation should be limited by the value of 
0.20-0.15 t/o’, which determines the extensive use uf asbestos-cenent 
of shield and panels for er.closing designs of the galleries. 


Pigure 253 shows the gallery, whose spane are equal predominantly 
to 12-18 a, and sometimes 6, 9, 15m. ‘The basic design of the span 
Btructure of the gallery is, in general, a speciai large-size ferro- 
voncrete prestressed ribbed slab 1. In the necessary cases this slab 
can consZet ty length, cf units in sizo, for example, 6 », joined in 
one general design by means cf tension rods or @ bundle of reinforce- 
nens reds. & ribbed slab can also consist of two bseas ané transverse 
labs, unticd into a singie general design with Lhe help of welding and 
sting of the acags. Lightweight transverses franes 2, are set 
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directly on the main ribs cf » piste, and anae with hensed gatlerien 
from aluminum alloys or s:ee., ang with unica cd yallerica, ina 
Nuober of cases, aics using wood. 


Fiz. 251. Structural ferroconcrete prestressed conveyor gal:ery with 
a@ upan of 6, 9, 12, 15, 18 m: 1 - prestressed ferroccnerete ribbed 
elab; 2 - lightweight tranrverse frame nade from steel, aluainua or 
wocd; 3 - asbestos-cement shields or pane.s; 4 - structural crogs- 
@eabers; 5 - upright of the support for its cenzra. «xrrangenent; 6 - 
upright of the frame; { - jointe. 


Asbestos-cement cheathing or paneling 3, are the barriers and 
heat insulation of the gallery, ond deperd on a <istance between the 
france, are braced directly to crosspieces at:d uprights of the frame, 
and sometiues to the capping ahafts and to the Jalnt=spronders of the 
frames. Using transverse fromes every 3 @ the uvilization of nollow, 
heated asbestos-cement slabs isn possible, the fastening of which can 
be done also dircatly ta crosapicces and che uprights of \he transverse 
frames. 


With wpans of the gallery at = slope of 22m ‘ant algo at 
6 m) oe could use atandarizes designs, specificadly with lightweight 
galleries having a width af 3 1 the utilization of large-size ferre- 
concrete prestrewsed capping «labo with nomina. sices, J » 17 a, along 
ulth an increase in the ttee) fraacwerk in the main sibs of the slabs, 
1s possible. In this lnutance with tie wigth of she gallery at 3 a, 
height ef 2.2 0 and with aarrlers made from achzstos-cement acllow 


Slabs, the calculated Load on the ferreconcrete ribted elab 1 

(Pig. 25:) during ite caiculation of the main rib should not exceed 
1.3 1/m or 0.9 tym? of the srea of the slab. The given expenditure 
of r-inferced concrete per unit of area of the span structure of this 
gllery ecnatitutes abous 9.07 nd. The overall expenditure of steel, 
necesscry for the reinforcing ¢2 the structural flooring slabs and 
for the manufacture of the lightwetght Bee] transverse frames, should 
nct excved 0.03 tym. With wcoden traneverse frames the expenditure 
of stem) 1s about 0.015 t/a’. The weight of the span structure of 

ne paliesy 1s 0.6 t per 1 a? of area of the gallery. 


in the case of the utilication of standarized structural ferro- 
Concrete large-size casping vlabs with nomins] glzes, 1.5 « 12 m for 
Tloorlng of the gallery huviig a width of 3 m the eapenditure of rein- 
furced senerete increases to U.09 n per l a? of area with an i--seace 
in the weight of the gallery up to 0.7 t/a. In this cace the rein- 
forcezent of the steel frameworx of the main rib of the glabeé is also 
necessary. 


cn the basiga cf the given data it may be concluded that under 
conditions of utilizing special (but sometimes standarized) large-sice 
ferroconcreze prestressed ribbed slabs having spana of 12-18 wm and 
At lightweight tarriers the erection of the simplest, lightest and 
most expedient upan etructures of conveyor galleries (Pig. 252) ia 
pescible. Tne unit weight of these span structures ig two cviaen less 
the appropriate weight of tho spen structures described above for 
ferroccnerete conveyor gallerics (see Piga. 249 and 250). The 
expenditure of reinforced concrete per 1 nv? of area of the gallery with 
ribbec prestressed slubs (see Fig. 251) 16 4 tines lesa, the expendi- 
wire of ste#l is 2-3 times than the corresponding indexes for the span 
rtructures of the above described ferroconcrete conveyor galleries. 


The use of single ferrcconcrete uprights S with crosspeabers 
(sou Pig. 251) ts expedient fcr relatively narrow and lightweight 
moiiertes with moderate response to the action of the wind. Por wide 
galleries fraquently it is acre expedient to use two uprights 6 with 
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the necessary joints 7. The selection of the type of uprights of =ne 
gallery ia determined by o sompsrison 2! tne variants. 


With ferroconcrete designs of the galleries with spans of 14, 
2%, 30 m under usual conditions the utilization of universal conveyor 
ealleries with prestressed fevroconczeze crucses (sec Fig. 245) are 
moet expedient, These specia) trusces with parallel cherde can have 
constant height, consisting of 2.5 % fcr the various spans shown 
here based on the external overall sizes. The transverse sean-jointe 
with ferroconcrete trugues for expediency can 30 eatallic. Tre width 
of the galleries in the presance of vie speclal type and Almension 
of ferroconcrete prestressed capping ard flooring slabs chenges, 
as shorn above, every 9.5 © ( Degincing fron a xidth of 3 27. 


With an average span of 24 m and width of the gallery cf 
3.5-6.0 m the span structure of the universal conveyor galery with 
preotressad ferroconcrete truszce ic characzerized ty a weight of 
0.9-9.7 t per 1 a of erea of the gallery, which ie sniy somewhat 
higher than the weight of the co-veyor galleries with mctallio trucses 
and almost 2 times less than the veignt cf the span structures of 
g@lleries with ferrocencsc+e chunnelev sections. ‘The cverall oxperdi- 
ture of reinforced concrete for trusses snd capping and flooring 
elabe of a span structure sonstitutes 0.13-0.1% a per 1 id of area, 
the expenditure of steel, including the steel for transverse bean- 
joimvs (see Pig. 245) and the cteel framework of the capping and 
flooring slabs of a span structure, constitutes 0.035-0.°5 t per 1 nu? 
of area of the span structure of the gallery. The given inzezea of 
the expenditure of the relnfarec3’ oonercte 19 2 times leaa, and of 
steel 2 times less than the sorruaponding indexea of the expenditure 
of reinforced conoreta und svesel of span Structures made from chsnncled 
ferroconcrete eectlons, and alae irce other rerrocencrete conveyor 
galleries. 


Conveyor gallerive aith wooden and combined supporting 


structures, Proquently gulleries with ‘mes with © relatively short 
period of operation ary made of xooden structures. : 
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Figure 252 snows the simplest wouden conveyor gallery, arranged 
between two “Lre-proof zones. The supports of the gallery are presented 
with two transverse frames 1, set on concrete foundations 2. The 
shafts, arranged alternately rest on the ercsapleves. ‘The upper crose- 
plecea of the transverse frames can be. presented as double tongs or 
as gingle adapsora. In the latter case large sections of wood are 
neceusary, but the suppert of the shafts 1s pore nxpedient. For the 
improvement of the conditions of the support of the shafts in the 
described case continuous padding 1S provided fer tho tonge of the 
vrosspiecua of a frame. 


Pig. 252. A wooden conveyor 
gallery. 


The shelter of tac gal:cry 13 cald and is presented with light- 
weight trancverase franes mace from planks and nsile. The Cranes are " 
get at right angles te the azis of the gallery every 2 m over ite 
length. In the necessary cases Joints are attached to the transverse 
frames which assure the stability in a longitudinal direction. ‘The 
barrier cf the walls of the gallery is represented by sheathings of 
asbeatus-coment corrugated sheets. Sometiaes they ore used as plank 
sheathing. The aingic over-suspended sashes aré installed from ore 
side of the gallery. The voila of roofing materfal used aa a con- 
tinucus protectiva layer ar.d lathing, lies dizect on the crosspieces 
of the fraxos. The flyoring lies on the lightweight tranevorse 
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bracings, sect lengthwise to the gal-cry at a sistance up to loa 
from one ancsther. The describes gailerys san ce ued for rore than 
20 years, 


Figure 253 shows 8 conveyor valicry ults xcaden vrcnage 4nd 
epan structures. The walla af this wari gel ery (Fig. 256) aro 
composed of uprights 14o mn thich. ‘Wau descrived design of vhe xails 
of a gallery under dry air coné..ioaz ure uzed in the forested region. 
Under cther conditions, fron considerntieuss of the economy of wocd, 
and also for the purpose of sontre: against poaciole rotting of the 
walls, tho barriers of the warm galleries with wooden suppertirg 
structures are expediently used coascsed of the adcve Sercribed 
sheathing with their heated nmincral(zud slave or relt and shestning 
w@ith two sides of asbestos-cenen: corrugavea sheets. 


Sig. 253. Conveyor 
esliery «ich xooden 
vfusses of the span 
utructurn, 


Fig. 254. Section of a gallery 
ellt sccdan tpussey (applius to 
Ptg. 253}. 


Wooden ecenveyar gallerfes with spano at j0 = and vith a usual 
widcts of 4m ar: used. The span structurcs of theae galleries are 
cvpresonted by wooden segmurted trusses ci increased rigidity having 
aw height of 5.2 a, transverse beans, Joints, supporting portals. The 
supporting structures are completely protected from the esfect of 
acisture. Such span structures are characterized by sufficient 
rigidity and ther are used on capt{tal cupports et the mines for rela~ 
tively prolonged pericda of operation. The utilization of such conveyor 
malJeries usvally has 2 place in ore storage bine. 


Witr. the erection of wooden conveyor galleries one ought to 
Ay attention to protection from rorting, specifically the supporting 
Cranes, which should be sanitized. fFurtheracre, it is also expedient 
to provide protection to slightly inclined uprights cf framee fron. 
she three external sides ty shree vertical stained planks on short 
padding, wnich cover simultnneously the supporting joints. The wood 
ef the supperzing structures thus does sot underge the action of : 
ZOisture; on the other hand, che good ventilation of joints is ‘provided 
for, VBilh the limited winter of supporting uprighte end their space 
ing by 4esign, cometines tae utijigation of sheathing on the outer 
surface of the complex suppvzts ls more expedient than it tnere are 
WOM Spans unc gore sellerias. 


‘he Lctton of the wooden supports should tea loested at heights 
not leca than 0.6-0.8 z over the level of glunning. sss 4istances 
in a vertical] line are inadniss‘bla, eince one vught to coneider the 
ssually observed apillage cn she supports during the traneport of 
the os, srocKs and tailings. 


Lightweignt ferrcsconcrete uprights can eazediently be used es 
supports of the wooden 3pan structures of the galleries. This design 
cf the conveyor galiezies in ite simp-icity ie characterizod by 
relarive ecubllity, by a consicerable increase In the possible cericd 
st speration and by a subetuntin) incresse in tae degree of fira- 
preventative safety. 


With a further increase ir. She numer of Curroconcrete cicnents 
in the composition of the gulleries cf a combined design, 4 soiuslon 
of the gallery (Pig. 255) will be obtained, wherety the supports, 
beams and slabe are represented by ferroconorete structuree, supports 
of the conveyor; wooden arclosing designg are lustailed cbove. 


Pig. ¢55. Span structure of a osu:veyor 
Gallery «ith a ferrococrese o1>bed slab, 
with transverse frames and with a barrior 
of the walle nadr fron esbestos-conons: 
sheets 


Sometimes with narrow gulleries ccnbined designs with spen 
otructures of the gellerice, reprearerved cy a single forrceoncrete 
beam, T-shaped in sec*ion or by a slegle sonuretiy set Seerroconcrete 
prectressed bean, 1 *, Linea on single colunns3s, sre also used. 
Lightweight wooder ..e8, similar lo those in Pig. 255, xhich support 
usually unheated barriere of the a4lis and cappings 9° galleries, 
are set on the beam syametrically tc its aris. 


* 8he future development of the conbined desigra ¢2 galleries 
mentioned anere are the abcve described conveyor galle:ies, which are 
characterized by a span atructure using structural ferroconcrete pre- 
stressed ribbed slab with a span of 12-13 m (see Fig. 251). The 
shelter of the conveycr belt in this instance is providea by the 
lightweight metailic cr wooden transverse frames suppor‘ing shields 
and panels of the barriers of the vallz and cupping of che gallery 
placed on the ribs ov the slat. 
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3. The Calculation of the Galleries 


The overall] loads of =he conveyer galleries are taken according 
te the Construction Standards and Rules, ailowing for the coefficients 
of an overloszd. 


A normative useful lcad in the pessuges of the galleries, 
Ingluding the welgnt of running bel! or grating, constitutes 200 kg/m 
with a coefficient of overload of 1.31.2. 


A normative load besause of ore and water on the floor 13 
*axen witaln tho limits of 59 ke/a” of a horizontal projection of 
the Ploar of the gallery with a coefficient of overload of 1.2. 


A normative load ‘rom the weight of pipelines and cables is 
takes, equal to 50 e/a? of the hortzonzal projection of the celling 
of the gallery xith a covfficient of overluad of 1.2. Fhis load is 
aie arbitrary and frequently ancunts +c a linear local loed at tho 
xG1lig Ovar tho pAIaages of the galleries, where the padding of the 
snparate pipelince and cables ie most convenien: ..d conventional. 


he loads firm the weight of conveyors with ore depend on the 
width of the telt urd yvoluretric weight ef the transported asterial. 
@ith a volumetric weight of materta: of 2.5 tse, the oorresponding 
weight of the largest part of izcn ore, the weight of the conveyor 
with a lead per l mcf tte Lengin and per 1 ni? ef area of the frane 
Cagati tutes; 


at belt widsh of 450 mm - 0.15 £/x or 9.)5 t/o* 
8 "© $6 an-0.20 " 7 0.20 © 
on o 8 880 m= 0.30 7 "9 9.25 * 
ooo " 7 1900 mm - 0.40 7 " 9.27 © 
noon * "120 ox = 0.55 7 7% 9132 ¢ 
noon * + eo an-0.70 " " 0.36 © 
noon » 7 1600 mm - 0.9 " " 0.82 ° 


‘tthe tynanic effect ef the conveyors can be ovaluated approrie 
mately by the cowffictent 1.95-1.2 (* larger value pertains to heavy 


conveyora). Considering the certain conditienality of tac lond en the 
pipelines, ita 1a possible vo venclude the fol leving.- 


With conveyors with belts having a widt!; up to 1090 mm ono 
cannot. inclusively divide the calculatior. ints sections, occupied 
‘by conveyors and passages, considering the effect of ce weign: of 
equipment, the weight of the ore, the proscr®, gratings, water and 
4& working load, from the weight ef. tie maintenance personnel, which 
correcpond to the average cormative load of tha floor of the gallery, 
equal to 0.3 t/n? with an overall ccerftoiont of overicad of 1.3, 


With conveyors having belts #lth & width of 1209 om and oore, 
one ought to divide the section =f galleries, occupied hy Che cuavoyor 
and by the passeges. The normative loads in the paseages in this 
instance can be considered equal to ¢.2 4/a* with a coefficient of 
overload of 1.2-1.3. The londs under the conveyors with belts having 
@ width of 1200-1600 mo are trzen in ao size of 0.55-2.9 t/a (ner 1a 
of length of the conveyor) with a coe*ficient of overlend of 1.3-2.2, 
cuefficient of dynamicity sf 1.1-3.2 and sn cveral] cocffelen: of 
overlend (load) predominantly of 4.4. Teaser valuag of the partial 
coefficient ef overloads, esus. be 1.2, are Laken using accurate data 
about the weight of the equigment and sie. 


Loads from a conveyor are taken along two lines ci te suppor-e 
of ice frame. In the trareverse section cf the gallery tuese roucs 
are presented by two cencentrcted forcee, npplied approximately en tre 
Outer alde of ~-he frame cf cnc sonveres. The loads frex proser and 
pieplinue during thel: snparate aasembling are determined, ne chexn 
above. 


1t is obvious that tae separace ccllectior ¢f the Londe of the 
gullery can >e made even wits conveyora saving betta af . width up to 


Cvranslator'a note: sac tesa “pector" cannot ce found ir. 
avaliable sources). 
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1000 am. One cught co convider in this instance the miniaup value 
of the coefficients of dy.iamicity. 


The flooring secticne «ith instailed driving stations of the 
conveyors are calculated accomiilng tc she date about the weight of 
the installed cquipwsnt alang «ith the Introduction of coefficient 
of overlesé of 1.3, the arbitrary dynamic coeffiefent 1.5, and overall 
ecefiteien: of overload of 2.%. 


During the detomainaticn of the celsulated leads from the 
weigh: of tse designs and heat Inoulation -he coefficients of overload 
of Ll.l-L.2 an@ 1.2 are consldered; durtng thn deteratnation of the 
effect cf tension devices longitudinal tension of the conveyor belts 
a soeffietent of overlcad of 1.3 is introduced. 


The welght of che apn= structures cf the galleries depend on 
avcogteé designs and Jt Pluetzuatesa xithtr relatively large linits. 
Ihe weight of the ga.lecies, purtaining to 1] nw? of area of the floor, 
is charsczarized by sre folluxing valucg: 


1) wlth ferrecorerete heama wich spans of 9-12 m, the ferro- 
concrete slabs of the span structure end brick walls with a thickness 
up to 38C an for galleries of a width or 2.5-4 m, the weight Js equal 
to 3.1-2.0 t; 


2) tne onme, with trisk walls ef a thickness of 750 as - 
1.622, U; : 


3) with ferececnerete pre:vtrease4 beaxg with epans cf 12-18 2, 
ferrecencrets siats and brick walls havirg a thicaness of 250 mam, 
the weight constitutes 1.5-< t; 


> with ferreconcrela presirensed enclosed channeled units of 
upan steuctures of gailerie: having # “idbh cf 3 a, warmed by 
tellular concrete with volunvleiz xelghs cf 0.46 :/03, with spans 
of 27-91 nm, the weignt is i.s4et.s t; 


32. 


5) with ferrocencrete prectresaedc bring with sp: 
warned by colluJar concrete, with a wiuts of toe gxllerter of . .5-" 9, 
the weight 19 i.21.¥ 1; 
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6) with terroconerate prostrevced Cruzdee wiih : 
18-24 y, with pressreszed cepsed ana Floortiy slebs, ca) abet 
uoiug asbestos-cenent sheets = C.J=2.9 bt; 


730 with Serroconerete preetresteé plowed + abs nl spon 
otructurce with @ spar of 12 m along wil tightasight shelver of the 
gallery - €.6-5.9 t; 


8) with slee; truzscs with upess of 19-30 a, ferreconcrete 
prestrosyed cepping and flecring slabs, listteclsht wali saraing 
asbestos-cenent shields - 3.6-0.5 +; 


9) with steel trusses, ferscconcrete prestressed Slecring 
slats and asbestos-cement shields of walls ond capring - 0.59-0.7 3 


10) =with wooden designs, heated a4 unhtsted barsiess - 
9.2=0.4 t3 


The weight of the aorar, atructures of cunveyer g-l.eries deperds 
‘pon Une number of reasoss anc it chunges witnin extrenely wide 
limits; therefore, one cugnt vc epesify the weizht 1: the prescra of 
calculation. The deta given cere acort the weigut sy galierlea, xhien 
inclutes tae weigh: of supportiag designs, baesiers and heat Iauclotesa 
con be usec from the first cecveratnacion ef loads sad ts 
of the sections of the main slcetz, 2c2Es nmi fousses of & 
structures of the gallerfes, ond alc Cor a Jidprent sere tne lowés 


fatten 


upAan 

co the supperes and foundations. Nes 
During the caiculstion of tnx span 2 ecelurey, Lie sla 

eupporsing designs of which arc rupee gil cy Tusrecensrebe risset 

slabs, and also oy ferroconerste ce metubils beaas ure trurcet (with 

the lcads towarda the cup? vit: Lovme al tne devel of the 


upper chomia of the truzsec or tawaresa tne Lop of tne beags, tre 
horizontal windy luads ore tvanomitted to the siuv of the ribbed or 
an horizsnrad Jolnia alany the Uoper chord. 


In the preaonce cl the purtal franea, and slzo of joints or 
diaphrages alomg the upper and Lower chozas of prestrenned ferro— 
concrete or metal.ic trusses, the windy leads are usualsy distrlouted 
half-and-half between the Joints ateng che upper aud leror chords. 


Turing the cealeulation of matrallic or Cerrocorcrete supportins 
framea the cfreet of a local cvenly dixvtributed windy load usually 
ta nev conalderod, 


Tag cprights of Plat Supporting span metallic Cranes of galleries 
with the value vf their flexibility along the gallery equal to 60 
and mere, cre corsideres in sy calculuted dingren as existing hinges 
at tne base and tep of she upright, 1.e., as pendulum uprights, the 
top of which in displaced in a xorizental direction in accordance with 
A change in the length of the span stresture with changes in its 
temperasure. 


Tae aupperzts of the more rigid metallic uprights, both convene 
tional gonallunle ce unttized at the base of the scacione: ferroconerecse 
<prights ata conaldeved aa erbcdéed at theie base in the dircction 
of the dength of the galleries. 


If, in this cuse, av tne top of the upright there ie a hinge, 
then #1th a change in the vexperature toe displacenent at tae top of 
the upright dz equel .o the change in the lengsh of the spur. structure 
or sonnected by the hinges of the span structures at the section froa 
the considered upright up to sae fixes support. 


tr, at tae top of the upright there is a xovable support 
ov the coliiag Cype, then th: hopleonmtal load on a upright is deter- 
&leed under Ene assumption 9% an eel itrary eoefriclen of trietion of 


wry 


Lhe politag aupport, equal ce 2.€5-9.16. 
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If, at the top of the upxight, there is a motile neta)lic augport 
of another type (for exaaple, tangential), then the norizortel isad 
on the upright is determines under the escunpticn of on avbitrary 
coefflctent of friction equii, in this inatanco, to %.5. In thie 
case the displacement and tne load which ocrraspend to che change in 
the length of the span structure (with a chanve ln teaperature) are 
Also determined under the azgsumpticn of the presance of a hinge at 
the top of the upright. If the last ‘oxd ia .ess determinatie in the 
firet case (under the assumption of 4 coefficient of friction eyual to 
0.5), then in the calculation dispiacesert ic uscuned, deleraised under 
the assumption of the presence of a hinge at the tor of the uprig-t. 
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CHAPTRA kT 
ROPPERS 


1. General Tnformation 


The nonpers and receiving funnels of various designs used in 
the mining lacustry onterprises, ean be distinguieked es follows: 


receiving runnata for hovldcry ore, gained with large clayey 
inelesicrs; 


Yeeoiving funnels for the ore In ama?l particles; 


recosving, predominantly skip, hopsers for receiving ore froa 
underground workings 5 


receiving-loading hoppers for the stems of the mine shafts; 


suspensicn fuaraln, available in she various joints of the 
budding plan; 


Interzcdinte accumulating hoppers; 


lcaitag hoppers xith the distritutlon of the mine by motor 
branoperb; 


loading cea ilroad hoppers; 


horpers cer special purposes. 
Fe] 


RFE 


From diagrans and formas of hoppers 4nd receiving 5 
Ougit to note separately the fortes cf rercivirns Cun: 
¢), recedving skip aoppers (Fig. 25549, @), s.pons in 
(Fle. 257a, b, ¢); one-alded (F17. 2:49) ans doutic- 
with loteral unloading (Fig, 252b, ce); very cis ” 
central unioating (Pig. 2494); Nepsers with traneverse wevenen: cf 
highway transportation (Fig. 2300) and aeppers with eeneral ustonding 
ints half-care at a standard quice (Pin. FS, b). 


Wels one 


26a, &, 


b) a) a) 
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Fiz. 2565. Parnas of houpers. 


Pig. 257, Forms of 
hoprer-funnels. 


Pip. 258. ¥erma af hoppers 
with a lalrral unicading. 


a) 
( Piy. 255. Porms of horpers xilb central une 
' lonéing. 


in half-carn at a standard guege: a) with pyramidal 
funneis; t) suszension var2tolie hopper. 


Vi Piz. 269. Perms of hopners with central umloaijling 


socdun, wood-lIronecencrste, metallic, reinforce: conerets and 
ferssconesete hoppera are used. Tre Iatter can be erected ueing 
yeeLtional, sestional-penolivnte and sonclitne designs. 


Ae 18 known, hoppern are consider? aa alerare oon Of vor)e 
material with the height of the bin within the Lisit: of one and 
one-half of the neaesurement of the cenctruttion cel) ty desta. 
Relutively small capacities with an inescaned patio cf the he'ght of 
the cell to ite width at ao heicnt vy to 8-10 no nre alse coneidered 


hoppers. 
2. Keceiving Funwels 


It 18 possible <o une severul receiving ship cre hepperr as 
an exemple. The receiving skip storaze-type ferrocencret? Aoprer, 
Fresented in Figs. 26] and 262, nas reetanpular cutlincs “ith sizes 
by design 6.5 * 10m. Jn 9 transverse cul (Pig. 70.) the ceracitive 
part of the hopper has 4 polygone] fort. “he recelylng fanned ts 
set near tne pile driver machine. The 2on.itcdine. cut of the hopper 
4s reprecenteé in Fig. 2€2. The foundations. of the hcprer sre 
epaced nt 16 m, xhie: in determined ty che requtzezentr of their 
spread with she orvangemert of the outside overall size of the 
shoring of the mouth of a shaft stem and other «anipuene of the etcm 
of the mine snaft. In connection with che lorge te1tn ef the 
capacitiza part of the bopper and the casntda ele irtyinale x-tgot 
of the ferrerersrete hopper, the sive cf coen Pacndction by desten 
gonatitutes 6 © l1 x. 


With colle of increased bearing capacity she hospcra shve 
vortieal uprishte and their form are sicplified {Fir. 263). 


YVoppara ¢f tha descrited tyre -- nested; tre undercorser Area, 
tovated at 4 height of §.5-7 ncver tha plaiting lave], 42 heated. 
Here, locks, xhJeh are pneunmptte on cnv cide, 4@:.1 which sn tae ocher, 
have a spare hand drive, are installed. Loadimy ts done in Lalf-ecara 
of standsr= guage track, Located direct}s under the uopper, at 
heinhts of 3.50 x abeve the plenning level !: 
platform is located. The operator loczred hore 
and from his post divectty obrorves the proces: cf ioxdinz. 
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Pig, 63, Recelving skip stornage-type Serzoconerete hopper; a cross- 
section. 
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Pig. 262. Receiving skip stornge-tyra hcpper; longitudinal section. 
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Fiz, 263, Receiving skip 
T.procencrete hooper with 
zcile of increased tearing ca- 
pacity. 
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The .slls of the foundaticns of the described hoppors are 

by a 2ilenlated strength within the limits of 2-4 
anlem’. Feequentl,, the so’ls are not as strong. Thus, one 
receiving oc’ hepper of the sare series, presented In Pig. 264, ts 


ecaragver! 


Incabed ta tine 


tediace yletnils of the receiving Cunnel of 


ervusntre ail). toe dest! of cue Purnel location 1s 16 m lower than 


ef the s: leve!, and Ube reverment to the skip horper is 14 nm. 


In concectt ou with teeta the corer ta based on roveable ferroconcrete 
ealoven:. anh te L350 liver taer the level of planning, The 
Afstasee tetwoen the ca’ecen constitutes, lengthwise to the 
constras stan, 12 m, ¥.ich corresponds to the step of the uprighta 

of the hepesr. Tee cprsehts cf tae skip hopper in thia case are 
¥oOred col ant are arrinces ane arid 6.5% 10 m, 


na 


Phy. 204. Pecelving skip 
Perrocsnerete hopper under 
eontibicns with 29314 having 
y foe hesring sngectty. 
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The ore, discharreé from the cverturning sips, falls (nto the 
recelving trough supperted vy =< netailic frame. The incline? bottom 
of the trough 18 lined with steel wheets, placed on a shock-proof 
lsyer, which was rade fron 2 leyer of wooden upriente, 240 cx thick. 
Shock=-procfing, ts attained becaune of the deformacions of the 
cransverse bending, and the transverse compression of the wood. 
Actually, toe hopper alow haa ph dining oodte fron chest atecl, placed 
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TH WOntinugut lazor of wouden uprights 149 m9 chick (Pig. 265a, 0). 
ed dnuple-T Ne. LS bears are placed on the tuleker layer of xood, 
the tetton und wails of she boppor with the help 
“fo waching psets. “he paris of tie Malng are presented Jn 

a. fe IL aopeant fron the given dissreng, the Junctions 


Poe, 


steele Lining ty deshenu are located on the double=-T beams, 
she axes of shien the shoes ope welded with inclined or 

Yorn ion! aeana on he Plane of tae doutle=P teams, The Junctions 
oy vhe aheets of Minkrue are overlaprad by continuous vertical cover 
+ made from tund neral hivine a sention, 10 « 100 ma, arranged 


g-ralls) c+ tue slepe. 


Pir. 2f5. Tre Lints : of 
a meeeivine Rapper. 


In a maining industry cy2irdstcal skip receiving hoppews, ere 
used, Sometimes, near the stem of the mine shaft two cytinurical 
hoppers are tet on & forrocorerety pvdestal (Pigs. 26F). A liphtwet ait 
wall berries is set at a d3atance of 6.6 & from the metallic 
oylinder. ‘he space butween the nopye-r and the enclot!ny *all 16 
hented. Xore contemporary veraior of she acserited tynn are the 
farrononerete cylindrical hoppert, Alse arranged in pales in the 
stem of tha mine shaft (Piz. 207). The diameter of the cylinder 
in thls case 19 equal to 8 mn, a hefsnt of 12 nm, a thicaness of the 
walle of 0.3.6, Heat insulation 13 fastencd directly to the ferro 
gonerete cylinders. ‘The hcight of the cylindrical hoppera atteins 
90 a with a diameter of 1? n. 


PLg. 266. Cylindrical skip 
receiving hogpers. 


Pig. 267. Cylindrical ferro- 
concrele skip: onppers. 


ne furnela, which servo for ruceiving the ore from the open 
pit, are situated in the xexst unfavorable conditior, from the foint 
of view of tre impact pressive of th» falling ore lumps. The 
exception is the funneia of tne individus: sorting device, utilized 
fer receiving ore of smail ‘repzent sizes. With the tranaport of 
sush ore by dump trucks having a load-carrying capacity up to 5 ft, 
thea ~eseivine funnels ir a number the series of cases do not rave 
amrcleation. he general dis;-an of such receiving equipment is 
represented In Pig. 258, and the details of the funnel are g2ver. in 
Fig. 269. Tse funnel in net cs o ferrosonerete flooring and 
represents 2 frane male fren 47. 74 channe) uprights which fora the 
horlyoatal atraps of tey funnel. Tha rails are located on channel 
uprignss at a distance ug to 9.¢ x and on the uprignts the steel 
sheets of the planes of the Sumnel are placed; the thicaxness of 
sleet. is 20 mn. The horizental supporting fram is formed by the 
shennan uprlphta ang o¢ fe. 24 ant ioeT Seams. The latter together 
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sith welded-on rails form the sonzro> latices of che Punne:. on 


she plane cf the raile vraneverse rail bracer are grace every 4.5 ». 
The suppertirg frame fs fontenes te ferrocenerrte flooring by 
anchors. ‘The weight of the fr:se? and contro. lattice censtitutes 
stout 11 t; tho satzes of a furce) ina plene {2 3.0 " 4,3 mz; the 
heigat of sho funnel js about 72. 


Fig. 268. The funnel of 4 sorting 
device fcr vecefving ore of smal? 
particle a‘ze. 


The sixplest runne), recelying ore from the halfecar, is 
represanted tn Fig. 27¢. The funnel 16 inaerthed Ji che support wall 
of the crushing device. Toreve planys of the Cunne) are found on this 
conerete aupport wall. ‘The fourta (vertical) plane is formed hy the 
metallic frame, anchored in the support wall. A trough le also 
fastened to this wall fron the receiving funnel to the crusher. The 
support wall shown in the figure van actually used umes the described 
conditions continuously for about 30 years, and the wall abuts a 
rocky cliff the larger part of its height, This can explain the 
comparative?y small sections of the suppor: well, 
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Pig. 269. Details of 
the receiving fumel 
for ore of anz:) frag- 
mert elze. 


Pig. 272. The simplest 
funnel, combined with a 
relieving wall, for receiving 
the ore from the half-care cf 
standard guage, 


The funnel, which receives the ore fren the quarry, Ir 
represented in Fig. 271. Ihe ianellsr feeacr instailed under she 
funnel cupplioas the ore to a esushing deviro. Tre latter in somposed 
of two crushers, arranged according to Lhe helent tn the dlevran. 
Yho foundations of the frane of the receiving funnel ta lesatot al 
the level of the buses of the fouriations of tho crusher. 
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Pig. 271. A funnel for receiving ore 
from a quervy. 


Figure 271 also charscterizes the joints of the feeder device 
and the tying in of the latter with the rece-ving funnel, One 
should turn his attontior te the arrangenent of sho reams of the 
landing under the fecder, The poettion of beens ta tied te the Joints 
of the Seeder and it aszuiw3 the dismantling of the carte of the 
equipment. 
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The more ¢ccmepiex units of the device are chown in Fig. 272. 
Me receiving funnel, «nalovaun to that dozerited above, fs located 
rerwaen the crusting device and the stex of the mine shaft. The 
reocefving of the ore 1s done from the amine shaft threugh the skip 
Cuniel 1 fvom a quarry throu. aperture 2. The foundations cf the 
reeelvine Cunne] 3, crusher 4 and the ahoring ef the mouth of the 
stone f the wing ahatt 5 are lecated at one revel. The lining and 
shock abccretidan of the recetving funnel sre analogoun to that 
noserltled above, xith the diatinetion taat the bracing veans of the 
‘ining © ave get bevons the funnel in a direetion towards the feeder 
af sonttuusca along its entive extent. 


Fig. 272. The receiving funnel, located 
between tae crushing device and the sten 
of the wire shaft. 


Fieure 2/3] presents a laree recelying fennal, receiving ore 
from a quesry aml mine shafs. 4 half-car 1 19 located an the approach 
Le the funne? and ever tre funnel. ‘fhe releht of the Call of the 
ore ‘n this case iy equal to avout 19 a. The adjacant haulage 
sallery 2 serves to vuppiv the ore by electric locomotiver and is 
nase ut: of trollevs fron the cine shaft. in the chutes (not shown 
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in Pig. 273) the ore from tre mine anath al: wi) 6 
receiving funnel 3. The depth of a funnet {2 17.2 a. The crushing 
housing and ite foundations adjoining (> the furnm: are cet at tne 
nexe level. 


Pig. 273. The receiving funnel 
for receiving the ore fren thy 
quarry and the mine sneft. 


3. Loading Hoppers 


Steel londing hoppers with central loading, reiative to the 
installation weight, are casy to mount, and the unite of any loads 
ami ehapes can always he {natallvuda. The wiikization of steel, 
however, 16 expedient ondy for the caparttive part ef che capital 
hoppers, iy. connection with the fact thal. recently thera have 
appeared complex designs cf hoppers, whose framer of uit le form 
are made from reinferced concrete, and capacitive cart, made fram 
meatal. 
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A very simple mot2iiic ere hopper with a central loading is 
given in ¥ip. 278. Severnl such acppere are instailed for receiving 
ore direct frot the pallery or deckhouse building according to the 
dfagram, apprexinately corresponding to that ir Pig. $5, Undor 
the > conditions the bagle task 12 the posslb) dacraase tn the 
heinst of the hopper. The helpkt in such cases, uniike thet for 
normal lcading hoppers fer receiving ore by conveyors, usually 
doer net cxeeed 10-12 m, The spacing of tha upripghts ins 
lnag!tudiral dtrestian sonstitutes 3-4 2, aometines 6m. In the 
lalter cece the Introduction of leng’ tudinal beams and internmcdiate 
lruzses i: necessary, xhich substantially complicates construction. 
Vee spacing of the uprights Jesy than 3 m is disadvantagecun. In 
such poppers a device is necessary consleting of special nechnanized 
loske, whica operate comewhat eccording to the modifie:! principle 
of Crinese chests. Without these locks the back end of the hopper 
and operating landing are desipmed according to the description in 
Figs. 287, 288. Despite its primitiveness, such a schome of loading 
13 one of few feasible cvor at lev <anperaturos and with a soist 
ore. One should pay attention te tire fact that the operation of 
tne described structure differs using specific losis. In the winter 
period the impact perssure is possible and is heavier than usual 
when the pieces of ore congeal; during the unloading of the veesels 
onc should rot exclude tae possidiiity of using exell olaste. Under 
such conditions the utilizatior of only steel designs in the 
eepacitive part is pomsible. Under specielly severe conditions, 
ish @ hi'sh content of meteture in the ore, the hoppers sxrould te 
warned, In the latter case the sehome of ths structure usually 
adiffera with yarn underiopgeyr oguipmynt for locks or feeders and also 
ty the increased height of the hopper, equal to 12 and predominantly 
D-14 a. 


Yith the Increase in che height of tthe nopper, the capacity 
of the structure substantiaily Inereases, the expediency arises for 
the use of noraal loading S:ppers, the capacitive part of which Sa 
verrscented usually ty a flexitle «arzbolic cover, suspended along 
the extrem: upper position of the formed sover lengthwise to the 
of tue henper. The cevey cin be continuous sm] mde from sheet 
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eactal. However, the presence of the lining and shoca sbsorvers 
usually leads to the need vo make the hopper from individual flexible 
supporting Strande of band metal, arranged evecly lenithwize to the 
structure. 


Fig. 274. & very sixplo metallic 
ore hopper with central loading. 


The outline of the curve of a transverse sectian of the flexible 
cover or separate flexible strand should be sasJected a0 thal. the 
latter with the filling of the hopper would operate only under 
tension. The more accurate the form of the strane ic sele:ted, the 
lesn the atrasses, and the change in its outline during oferation. 


The presentation on the metallic loading hoppers witn a flexible 
capacitive part {s siven in Pig. 275, whore n parabolic hopper of 
@ coal mine shaft made of three cells, 6.3 * 7.0 * 15.5 m, with an 
cverall capacity 600 t, ts presented. Tne mtallic tranaverse framen 
of this hopper sustain the loads of the capacitive part “<hrough the 
longitudinal benms with a height of 1970 mm. In connection with the 
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attachment o” the sheets to the bottom to the lower strap of the 

bean, the latter i» reinforced with vertical sheets, and thus 
Pepresent: a horizontal double-T bean, capable of sustaining horizontal 
components of loada from the capecitive part. A similar abutment of 

a flexible bettom to the longitudinal beam is necessary in connection 
with the rectangular volume of storage over the flexible part. 


Fig. 275. A metallic loading hopper with a flexible capacitive part 
having a capacity of 600 t of conl. 


KEY: (a} Rubberoid cemented coupler 20, cinder p © 80, ferroconcrete 
slay n = 70; (pb) Peed control of the rolling stock; (c) Brick facing; 
1/? briek; Atucen 20, (u) Duct 150-00 for the passage of stean; it 
is welded to the bottom of the hopper, (¢) Cemented coupler 20, slag- 
canceete §0; (f) Level of the hea:l of tne rail; (g) @oundation of the 
vallroad beda;(h) According to GOST 477-41. 


™e ratio of the height of the parabolic part of the hopper to 
its width in tha given example constitutes about 0.7. The expenditure 
of mtal per 1 2 capacity uf hoppers constitutes about 0.18 t; per 
cell with a capacity of 202 t - 0.25 t, and per five celle with a 
sum tota: capacity of 1000 t - 0.15 t. On the average, the expenditure 
of metal ce loading coal aoppers with a flexible capacitive part, 
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constitutes about 0,2 t/n?, @ith the volumetric welght of coai at 
about 0.9 t/a}, the average experditura of metai constitutes 
approxiomtely 0.22 t per 1 t of capscity. 


It 16 poasible tc show that the indexes of the expenditure sf 
netal structures decrease with an increase in the overall sizes and 
capacity of the hoppers. The largest ore hopper with a paratedt: 
capacitive part is characterized by a width of 15 m, cy a helent 
from the bottom of the oapacitive part up te the “op of che hcpper 
Plate of 13.9 m, by a height of the parabola of (2.537, the length 
of the hopper of 552 a. The capacitive part cf ti.w sopper ts 
suspended to an inclined metallic beam with a span of 1? 3 at a 
height of the beam of 2.9 m. The wall of the tean i: represented 
by a sheet, 2860 « 30 am, the upper ctrap — by a sheet, 900 * 

x 40 mm, the lower etrap is shifted according to the conditions of 
attachment of the beam to the upricht from the lower edee of the wal) 
by 900 mm; the strap has an overall width of 400 om and ‘= composed 
of two sheets having a thickness of 40 ma. The continuous sheets of 
the capacitive part have a thickness of 16 xa, in the lewer part of 
the hopper in the sections of .1e apertures thiy thickness is 
doubled and is equal to 32 m. 


A normative load from the weight of the ore in @ h¢rper 
constitutes about 209 thousand t. The weight of the etal etructures 
of the capacitive part constitutes, in this case, about 5300 %; the 
overall weight of the metal structures of the hopper spzr. — about 
23,000 t. The corresponding Indexes of the expenditure cl xetas 
structures per ton of ore is approximately 2 times lower hy comparison 
with the indexes of the expenditure of the metal structures of the 
coal hoppers, given in Pig. 275. 


Ferroconerete loading hoppers. Pirure 276 shows x ferrozoncrete 
coal loading hopper. Depcnaing on the productivity of tre enterprise, 
these hoppers nave 3 cells of an overall capacity of 502 t, 4 cells 
of an overall capacity of 729 ¢ and 6 cells “f an overal? capacity 
of 1080 t. In order to cet the Indexes of tiie expentiture of the 
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chief ssterial, apecifically tonolithic and precast reinforced 
concrete fer 1 t of capacity of the hopper, in this case, one 

Ought tc determine thence indoxen from the increases in the expenditure 
of reinforced concrete and capacity of the hopper. 
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Pig. 276. A ferroconcreto loading hopper 


with a capacity of 72 t along with 
central loading. 


For cxasple, with an expenditure of a monolithic and precast 
relnforeed concrete for a hopper of type KB-18 (capacity of 1080 t) 
102€ a“, and for a hopper of type KXV-17 (capacity of 720 t) 823 n?, 
for an increase in the expenditure of reinforced concrete, equal to 
203 a, the iInerease corresponds to e oapacity of a hopper, equal to 
369 ¢. The trdox of expenditure of reznforced cencrete per 1 t of 
capacity of the examtned conl hopper ia equal to 0.6 n/t; however, 
allocing for the need of o stair cage device of email overload (taken 
into conslderation In all the fellewing examples) one ought to 
esonsiser that the expenditure of reinforced concrete in this case 
will const:tute about 0.7 oa per 1 t of capacity of the hopper. 
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In this way the same indexey of the expenditure of relaforced 
eanerete also for other intervals of capacity can be determined. 


Pigure 277 shows a ferraconcrete aonolithic ore hopper. Hoppers 
of this type are widely used in Krivoy Rog mines. The heipht of 
the hoppers over the level of the head of the raijn of the loacing 
passages ie usually equal to 12.5-14 m, the bottom of the discharue 
apertures - at heights of 5.6-5.5 m, the height of the capacitive 
part, 7.5-6.5 5, the width of each of the two sections, 4-5 a. 


Pie, 277. Menolithte 
ferreconcrete ore loadink 
hopper with two-sided 
loading. 


This type of hopper hae transverse continuaqua wal)a, the lever 
edge of which in a numter of cases {3 lucated somewhes lower than 
the diecnarge opening, and the top coincides with the upper ciate of. 
the hopper, which is the floor of the hopper gallery. The thickness 
of the walla of tne hopper predominantly constitutes 9.32-9.35 mn. 

The walls and bottome are lined with metallic sheets. The thickness 
of the sheets {n the sections of the bottap cf the hosper fs 12 mn, 
on the walla of tho hopper, 8 mm. The loading ore hoppers Jeseribed 
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here are characterized by comparatively high input labor, associated 
with the need to complate the ferroconcrete work of coneideratie 
volune. The expenditure of the reinforced concrete, needed to erect 
hoopers of this type, 1s equal to 0.55-0.7 a? per ] t capacity, and 
frequently about 0.6 ad/t, The oxpenditure of sheet and other 

metal, necessary for lining the hottom and certain incomplete 

lintag of walle of the hopper (and aleo for the manufacture of ataira), 
constitutes ¢.06-0.08 t per 1 t capacity, of which about 0.02 t fe 

fcr the lining of only the transverse walls. 


Te utilization of precast reinforce’ concrete in the described 
ore hoppers 1s associated with a number of difficulties caused by 
the relative complox feras of the hopper. Pigures 278 and 279 
illustrate the precast ferro. ancrete ore hopper, the forms of which 
are somewhat. simplified in comarison with the above described 
tecause of the change in the ou‘.lines of the top of the capacitive 
part. Simultaneously, because of the increase in the grade of 
concrete and contai.t of steel framework the thickness of the plates 
of the capacitive part 1s reduced to 260 nm. Howover, even in this 
instanse, the precast designs of the construction ere characterized 
by relative compleaity (Fig. 279), and the oxpenditure of reinforced 
concrete per 1 t of capacity of the hopper, somewhat reduced ageinst 
tte given indexes, is stil. very high. 


Figure 290 shows a precast ferroconerete loading hoppers. There 
aru three spanc over 7.5 2 across the hopper; the overall width of 
the structure 1s 22.6 m, the length is 46 m. 


The distance between tho uprichts in a longitudinal direction 
is equal to 6m. Three loading railroad tracks are located on the 
spans of the construction. The height of the conetruction at one 
half of its length cunstitutes 23.8 m, and the other - 28.2 m. The 
walls of the housing and its enclosed volume are located at heighte 
cf Sm and more cver the head cf the rails of the loading tracks. 
Tne construction volume of the enclosed part of the construction is 
34.0 thousand a3; the overa?l volume of the construction 4s 40.9 


thourayi nd . 
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concrete ore loading 
hepper with two-sided 
loading. 


FY Pea. SS 
i rea Pig. 278. Precast ferro- 


Pig. 279. Precast ferroconcrete are Joating 
hopper: a) the axunometry of the desirns of a 
precast hopper; b) the precast parta of 3 
hopper. 


349 


\) 
s 
») 
< 
NN ‘ “13 
* ane Hee eae fa 
om 
od ee 
na--l.- 


Pig. 280. Precast ferroconerete 
triple-spen loading hoppers. 


The fcundationa of the construction are presented a5 flat 
ferroconcrete plates having a thickness of 4.7 mp, set at a depth 
of 2.6 m from the head of the rails, Souble-reduction sockets are 
set on the plate, the upper steps of which are brought to the level 
of planning and are provided with sleevea for the enclosing the 
presast ferroconcrete doutle-level columns. 


In the plane of the nain frames the flooring crosspicces rest 
on the cantilevers of the columna at o level of 7 m, and the 
transverse croas pieces of the second corzae. the top of which is 
ata heignt of 15 x above tho head of the rails, also rest on then. 
Alao, the longitudinal beans, the top of which is found at the’ 
14.35 m mark, rest on She console of colunns, 


Te dacie loreitudinally inclined plates of the bottca of the 
copacitiva part lie on lungitudinal deama and are attached to ‘he 
evonneteces of the second tier (Pig. 281), Within the limits of 
sich oix-meter section of the capacitive sart, lengthwise to the 
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construction, there ire tro discharge openings, Jimited by shrac 
transverse ferroconcrete dicecctors, which lie on the ong: tudinal 
Plates of the bottom, Above these plates of the bottom and over the 
cronspieces of the second tier, flat vertica) forrecencreto slate, 
250 mm thick, are ect, whien auparate the capacitive part I'ren tie 
eels. In the whole housing there are 12 coaplete cells, viuslar 
to those shown in Pig. 280; furthermore, four 2cll. have only a 
prigmatic part. 


Pig. 261. aA unit of the deeipns 
of precast triple-span hoppers. 


The described precast ferroconcrete hoppere are characterized 
by che fcllowing indexes, pertaining to their 1 t capacity: the 
expenditure of precast reintoreed concrete (with framework in she 
amount of 9.17 t/n?) conatisutes 0.28 o, the monolithic reinforced 
conorete («ith steel franework 1n tho amount of 0.) t/n3) 9.22 n, 
whole reinforced concrete 3.5 x; the expenditure of the Lining and 
the steel] designe, 0.0! t, she expenditure of the metal In the stee? 
fvamauork (predominantly St. 5 steel) anc matching parts, 0.078 t, 
the overall expenditure of metal, 0.12 ¢. 


Tne weight of the ferroconcrete and steel desigi.s of the con- 
struction is equal to 1.°%- ¢, and allowing for tne weight of the 
brickwork, 1.64 t per 1 ¢ of capacity. 
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The quantity of cho type and dimensions of precast ferroconcrete 
designs are equal to 58, tne average number of elements of one type 
and dimension - 16. The heaviest precast deaigna with a weight 
within the limits of 4.9-21.7 t are chara*teriecd dy 39 types and 
dinenaionsa with an average nunter of elements of one type and 
dimension, equal to 8. 


Figures 282 and 283 show an actually used precast. ferroconcrete 
loading hopper with a flexidle parabolic capacitive part. The 
height of tne parabola is 6.37 m; the width i8 5,9 a. The funicular 
curve of the euspended nopper is detersined by the equation of the 
parabola, =° = 1.366y. The height of the hopper from the lovel 
of the floor of the hopper transport gellery to the head of the rails 
of the loading trac: of normal geuge 16 15 m. The length of the 
oxpansion block of the hopper is 42m. The block has connections 
in the longitudinal direction. The hopper is warm vith heating for 
411 of the atructures located above the loading tracks. 


Fig. 282. Precast ferro- 


+. . 
4 concrete loading hopper 
with 8 suspension parabolic 
#4! | — capacitive part. 
wa Seta 
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Pie. 29%, View 
conerete loudin. 4: 


The coupling of parts in tte untts of tho .teuctures of a huprer 
43 done with the help of metallic caves plate. an? sa2tening parts, 
weldacle during, iactallation of whe frame: of tla napper. The 
colunns of a precast hopper tive one funetior plate the weseht cf 
she coluans and the loneitutinaal seams ia egeyl ts about 5b. 8 
device of the eapacit.ive pact, which 1s ehass ‘Leriged by the afm: lest 


auppert lengthwise vo the sews, oof by the aboenee of tors’ou af 
the latter (Fig. 2394). 


The barrier of the walls, flsorine, planking — precast. Fer 
the flilfng of tha walls oresant anfeida, composed of twe layers of 


asbestos-cement of corrurated sheets of a ratutcrrad profile are 
used, For the wareing of Ute natl. wm. Tliortnye slag mace are used, 


Pig. 264. A part of the support of designs 
of the capacitive part on longitudinal 
ferrocencrete beams of the hoppers } — 
msin beam; 2 — double channel uprights, 

Ho. 30a, set at a spacing of 1750 mm; 3 — 
suspension of 220 » 18 a; 4 - lining. 


During buslding, there is a second hopper with a parabolic 
capacitive part, auch as that described above (Fig, 283). The length 
of the capacitive part of the second hopper (divided into 4 expansion 
blocks) 18 equal to 120 m, its capacity is equal to 5000 t. Both 
hoppers are characterized by the following main indexes, based on a 
1 t cepacity: the expenditure of the structural and sonolithic 
reinforced concrete is 0.22 a, the weight of the steel designe and 
linings, withonrt considering the weight of the metallic framevork 
of s wall guard (about 0.01 t) is 9.06 t; the overall investaent 
of steel, sllowing for the steel framework is 0.10 t; the weight 
of the ferroconcrete and atee) designs and lining is 6.63 t, the 
weight of the support designs and of wall guards — about 0.7 t; the 
number ef tyre and dimensions of the precast ferroconcrete destgns 
(without considering the flooring slabs) 15, the average number of 
elementn of one type ané dimension (also without the -Looring slabs) 
is 28. 


In tnis and other hoppers monotonous designs of the capacitive 
fart based on tho type presented in Pig. 28% are ueed, The basic 
past of this design represents 6 parabola made from band metal with 
2 btean-spreader (motiliic or ferroconcrete), which rests on the 
longitudinal ferroconcrete beam of the hopper. The following 
varities of the design are pussible: 


1) liming on a wooden slad, set in mecnllic suspenslony wit:: 
& parabolic outline, vpaced at 4 distance predoainuntly of 2.5-7.6 0 
and up to 3 m3 


2) reinforced Maing, vel directiy on metallic wucponatons of 8 
perabdolic outline; 


3) lining on a flooring made from prestressed reinforced concrete, 
resting on metallic suspensions of 2 persbolic cultine, 


The latter design of the capacitive part of the hopper can be 
used with the distances between the axez of the susgensicns at 3-56 m. 
Tne concentration of the actal in this instance with a cenparatively 
omall number of parabolic metallic suspensions leads to tine 
possibility of the wide uti?ization for their manufosture in Loveniiay 
construction, structural and hiuh-strensth steel in the form, fer 
example, of steel cables with spacing sheets or washers mate frox 
steel of brand St. 3, set between the cables and the flooring. 
Specifically, the follewing desip- cf a capacitive part ts pessisle: 
two paired parabolic ‘ight suspensions mide frem low-nlley steei 
with metallic for ferroconcrete) spacers reeting t{rectly cn 
longitudinal cantilevers of the forroeanerese sahles of the heprer, 
eyscctrically relative to the axis of the tier. Te parntclic 
metallic suspensions suppert the grecast ferruconcrete Mooring 
elements -— lining, whose calculated ¢jugram ix # double-cant) ipver 
Seam with a span of 4.8-5.0 m and with symmetric cantilevers, whoae 
extensicn constitute 9.666.5 m. It is possitle tc show tnat «ith 
this design of a capcitive part, the need comiletely dininiznee for 
the longitudinal beans of the hopper. 


On the sections near the disehsree nponings continuoun sheets 
are unually installed. The two parabolis steal suspensions, which 
intersect this section, are autle ‘mn the folloxing manner: 


the parabolic susrension strands made from high-strength steel, 
and sometines even in the case of utilizing structural steel, can 
be accepted aa a continuous, sheet made from St. 3 steel saintaining 
@ continuous bend; 


harabclic suspension atranda made from St. 3 steel, and also 
fram low-allay structural steel are broken off and jointed with 
sheeta sith the help of sheathing using bolts or welds (Pig. 285). 


Fig. 265. The diagran of the parabolic capaci- 
tivo part of the hopper: 1 - ferroconcrete 
colum; 2 ~ longitudinal ferroconcrete beam; 

3 - parabolic curve of the suspension made 
from vand steel, broken at the part 5; 4 — 
vean-spacer; 5 — continuous sheet at the dis- 
charge aperture; 6 — connection between the 
parta 5. 


In all cases the top of the bent continuous sheets should have 
flanged corners. Usually installed somewhat below the level of the 
upper board of sheets are longitudinal connections 6, set at a 
conetant distance tetween the discharge openings (Fig. 265). 


Figure 266 illustrates a loading ore hopper with a parabolic 
capneitive part and with precast ferroconcrete transverse frames 
of Heshape. The siees of the structure by design are 6 » 45 m. The 
hopper Itanlf is laid out over a length of 22 m and coneiste of 
sevan cellu vach the size, 6» 6 m, by design. The capacity of the 
hopper — about 2500 t. The capacitive part of the structure is 
formed by the main longitudinal metallic beams of the hopper, set 
on uprights of the ferroconcrete frames. The iongitudinal beams 
gupeort the metallic hoppor of parabolic form and transverse 
Ueem-spreaders, to which the structures of the guard of the upper 
purt of capacitance body are fastened. During the usual filling 
of the hospers, the tranceverse beaa-spreaders are in the ore over 
the laresest part of their length. 
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Ply. 286. Precast forro- 
concrese loading ore hopper 
with a paruholic capacitive 
fart and with Il-shaped fraaer, 


The foundations of the loading hopper -- a ferroconercte fenting, 
lain at a depth of about 3 m from the level of the head of the raiis 
of 3 loading railroad track. The filling of the walle — brickwork. 
The transverse precast frames of the structure consist of two 
ferroconcrete uprignts, connected by crosspieces at a height of 
6.5 m over the heads of the rajln. The junction plate of ‘he 
crossplece and the upright ig located in the fone of the least 
vending moments. The supporting parts cf crosspiece are presented 
as boxes of metallic sheets 10 am in thickness, welded during 
inataliation to the matching metallic sheeta on the butt emi 
of the cantilever part of the colunn. 


The structure jn characterized by the following Indexes, based 
ona lt capacity of the hopper. 


3.7 


The expenditure of precast reinforced corcrete of grade 200 
{aith stecl franework to the axount of 100-270 ke,/e? of concrete) 
const utes abeut 0.11 a, the expenditure of aonolithic reinforced 
concrete equal to 9.13 n’, the cverall expenditure of reinforced 
concrete is 0.24 «3, The weight of the stecl structures and linings — 
0.07 t. The overall weight of the supporting ferroconcrete and 
steel structures in 0.7 t, the same, allowing for the weighs of a 
wal) filling, 18 0.99 &. 


In Tatle 33 the indices of ferroconcrete hoppers having a 1 t 
capacity are given. A comparison is made only for ferroconorete 
loading happars and those with e parabolic capacitive coapartment. 
In this easo the height of the hoppers with a parabolic capecitive 
fart censtitubes 14.0-15.4 ma to the floor of the hopper gellery, 

And the hetuht cf the all-reinforced toppers 13 equal tn 18.2-19.5 a. 


Wy comparing the indices of the ferroconcrete hoppers with the 
paretolic enpacitive part and all-reinforced concrete hoppers, it 
Ads possfole to draw the following conclusions. 


Ferreconerete hoppers with a parabolic capacitive part are 
ecnaracterlzel by @ leag nvera)] expenditure of actel per ton of 
capacity of the hopper. The expenditure of reinforced concrete 
and the weight of the hoppers with @ parabolic capacitive part are 
two tines less tnsn “he corresponding indices fer all-reinforced 
concrete hoppers. Furthermore, one ought to show that the nuaber 
of type an! dimensions of scctional ferroconcrete structures for : 
hopperg «ith porabolic capacity is comparatively umall; this deternines 
Lhe sorresconiing favoratie indicas during the aanufacture and 
Inxtallatlon of these structures. The average cost of the support 
and enclosing designe for hoppera with a parabolic capacitive part 
constitutes about 80% of she corresponding enat for all-reinforced 
rancrete hoppers. On the ouais of that proposed, it in possible 
to dmw the conclusion abont the expediency of the wide utilization 
of verttion ferreconerete loading hoppers with a parabolic capacitive 
part, 
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Soppere vith voodex and other designs. In small mines ine 
number of caseu very simple Josding hoppers are used (Pig, 267) with 
central loading. These constructions in a number of cases based on 
height correspond to the deckhouse buildings, set on higher sites. 
The deckhouse building fn this instunce is usually a one-story 
with haulage at ground level, rometimes — artifically created because 
of dumps of an varthen dam. The simplicity of the overall soheme 
adjacent to the mine ehaft of the structure offers the possibility 
to have simple hoppers. Under conditions of nonheated structures, 
the central ore londing and the special equipment of a bottom meke 
ihe described hopper suitable for operation under wintry conditions. 


ue nN 

y “os Q Pig. 287, The simplest 
oq? hy wooden loading hopper with 
. central loading. 
, ed 

| 
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Figure 288 givee the dctails of the traneverse frame of the 
described hopper with @ central loading. As it wae noted the 
‘yilpment Sor the bottoa, agzextled on a separate plank, is the 
characteristic feature. This type of hopper is unloaded into 
laifecars of atandard gauge tracy (without including the locomotive) 


or into motor vehicles and trolley carte under the condition of the 
successive removal of the piank in the bottom. Por this it is only 
necessary to shift the outer plank along the honser, net the support 
load from the ore, nor the arranged chinning out of the slope of 
the ore at the aite towards one of the outpourings lengthwise to 
the construction. If the boerds, located at the tase of the slope 
of an ore, are gredually removed or uimply chifted horizontally, 
then the ore will enter the positioned vessel unter the hopper. 

In this case the slope of the ore will be gradually shifted along 
the hopper in the direction of the repeatedly removed board at the 
botton, 


Fig. 208. The part of the transverse fram 
of @ wooder, hupper with central loading. 


Tne feature of the Jesign, given in Fig. 208, te the possibility 
of shifting the plank at the bottom from the outer platform, because 
of safety during the procensa of unloading the hopper. 


The hopper according to Figs. 287 and 286 differa by e small 
height. In comection with this, the capacity of suoh a storage 
body 19 relatively small, and the indices of the expenditure of 
material per unit weight of the ore, found in the body, are quite 
coneiderable. Sreclfically, the capacity of the descrited hopper 
constitutes 15 t per 1 aof length of the structure, the expenditure 
of wooed in this matter is 0.3 a, getal is 55 kg, concrete or rubble 
aongrete is ©.35 a? per 1 t of ore. 


Pigure 209 shows a wooden cne-sided hopper with lateral ore 
loading. ‘The cell of the hopper has sizes, 4 = & = 10.5 m (without 
a hopper galiery). The transverse frames are set at 1.40. Every 
Un the transverse frases are attached to connection 1, which 
together with the uprighte, form the Crame of the transverse dividing 
wall of the hopper. Thies wall has vertical and inclined sheathing, 
which facilitates an increase in the rigidity. The bettom of the 
happer is made of planks 105 ma thick, resting on inclined crosepieces 
2 of the france of the structure. Hoppers of thie type differ by 
a high degree of rigidity, by simple and reliable cuts. The 
comparatively large number cf transverse frames, the distance between 
tnen whieh usually does not exceed 1.5 m lengthwise to the structure 
in somewhat of a defictency. 


Figure 299 illustrates & hopper of the same transverse overall 
size. The size of the cell of the hopper, 4 = 39 = 10.5. The 
transverse franes here are set at a distance of j m, the nunber of 
Crams is substantially low because of the reinforcement of the 
tracings of the bottem, wnich are taken at a height of 200 nm. 
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Pig. 289. Onc-sided wooden hopper with 
lateral ore loading. 


Fig. 290. One-sided wooden loading 
hopper with lateral ore loading along 
with e cell, 4 «3% 10.5 m, and trans- 
verse frances, tpaced at 3a. 


Re ae a er News 
-Lealut aw ube 
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The. anc other types of Aoppers are vepeated used in a number 
of enterprises. Below 45 siven some comparison of a diagonal type 
af hoppes with the size cf the cell, 4» & ™ 10.5, and a geometrical 
capacity of 40 a, cr 100 t of ore (see Pig. 289), with a hopper 
of the erect type with the size of the cell, 9 * 3» 10.5, anda 
capacity of 25 53, or 75 t (see Pig. 290). The indices of the 
expendizure cf material of both cells are quite close. With the 
velumetris weilpat of the ore at about 2.5 t/n3 the expenditura of 
woot in this matter conatitutea about 0.2 a3, the expenditure of 
metal, "C-50 kg, and with nonmetallic lining of the vertical walls, 
2.30 kZ, che expenditure of ccnercte 0.16 per 1 t of ore. 


Diagonal sopprra with the size of the cell, 4 ™ 4 © 10.5, are 
enavecterized, relative to tie large nunter of transverse franes, 
by a aleh devree of transverse ripidity; they are more advantageous 
with apecified longitudinal supports, are more expedient with various 
combined and sectinnal ferreconcrete designs of the supporting part 
ef the hopper, and more nult‘purpore ‘tn view of the larger number 
ef tranaver3u frares. 


Upright hoppers with the size of a cell, 3 = 3 = 19.5, are 
aiagle> to canufacture, and they have a axaller nurber of transverse 
Crames, but they require a provision of transverse rigidity. 


As is known, hoppers sustain c series of forces, acting in a 
norizontal or fnecltned plane. Such forces ere the forces of braking 
she roiling ttock; tne forces, which appear during the unloading 
ard atepping of tae latter; the action of different equipment, the 
F.\Esible hortzonta: reactions of inclined structures, the action of 
blesting and 50 on. 


The noted advantase of hoppere of the upright type (Fig. 290) 
haa, it che sexe tine, a certain deficiency, since the seduction in 
the number «f transverse frames leads to less riridity of the 
construction eroasviae, Therefore, transverse frances according to 
Piv. 23) should te rather rigid in their plane, whereby it ‘a 
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nocessary to firmly fasten the bracings to the uprights witn tie 
help of notches and several bolte of a diameter of not less taan 
24 on. Drawbare for the inslusior of bracings in the worx should 
be also installed in the frame. A sectten of bractnygs should be 
mt less than 200 ce’, 


Figure 29] shows @ double-rxided hopper with Sateral loading 
along with double cells, @ = 3 * 3 * 10.5, of a geometrical capacity 
of 50 m3, of 125 t. 


rd 


Fig. 292. Double-sided 
wooden loading hopper with 
lateral loading of loose 
material. 


Figure 292 ahcws a sooden hopper with central loading into 
motor vehicles during their transverse movenent. Despite the 
comparatively low height of the construction, equal to 9 a, the 
capacity of the hopper constitutes about 30 t per la of its length. 
The horizontal rigidity of tha hopper in a longitudinal direction 
1a provided for by joints in the adjoining structures of hopper to 
the very rigid ferroconcrete housing of sortora, From the opposite 
end of hepper bracings are provided. The spacing of the uprights 
of the hopper fe 4m. 
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Pig. 292. Wooden hopper with 
contral loading into motcr vehicles 
along with their transverse move- 
pent. 


Tr in necessary to ehow that the parts of the wooden loading 
hoppers are found under various conditions of operation. Jn the 
most cenmplex upper part of the hopper, during the entry of relativel! 
dry ore cr flux, wood can be used under satisfactory conditions. 

If the hopper ia provided with lining, which is regularly inspected 
and repaired during operation, the mechanical damages of the support 
structures ore eliminated (under conditions of normal operation). 
The wood of tho upper part of the hopper is usually uncovered at 

tho bottom and covered towards the top. If the projection of the 
cornices tn suffietentiy great, and the hortzontal uprights, at 
doterta{ned intorvals, have reeurn flaw, then allowing for the above 
enumerated conditicas 3: can ae coneidered that the wood of the uppe: 
part of the hopper can te preserved over a rather prolonged pericd 
of time. 


The hoppers with rot-reeistant wood can be found in many old 
mine pits, The operation of these atructures has long since ended, 
<ul protected wood 14 fcund practically in satisfactory condition. 
Vie lower part of such hopnurs jy subject to rot and demaged to a 


WA 


height up to 1-1.5 m from the level of planning. The great height 
of the damaged section of the wooden structures of the hoppers 

can usually be explained by the specific conditions of operation. 
One ought to keep in mind that in the procese of a loading or 
because of a defect of the lining and elexents tne bottom part of 
the loose material lies at tho base of the uprights of the structure. 
TMerefore, the uprights of the hoppers can always be covered. Some 
of these etructures are filled over a long perfod up to the capacitive 
part, und only the danger of an unaveldaole acciuent necessitates. 
an effort toward productive work for the cleaning and repair cf the 
uprights and bracings, which, furthermore, are hardly protected, and 
are subject to the direct action of ataocpheric ncisture. 


In thie way, it nay be conciuded, that the diagram cf tne hopper 
in Fig. 293a is not perfect based on the conditions of operation. 
Such construction will exist over a comparatively short period, 
whereupon an overhaul of the hopper will be in order. 


Pig. 233. The diagrams of double- 
eided hoppers with lateral unload- 
ing: a) diagram of a wooden hopper; 
b) diagram of a hopper with wooden 
structures having a height of 
1.C€-1.5 m over the level of plan- 
ning; c), d) hoppers of cozplex 
structure with the equipzen: of 
the lower part of tha construction 
made from monolithic or precast 

a reinforced concrete with wood in 
“F the upper part. 


It aas been prcponed to have the wooden ctructures of the hopperc 
at a helzat of not less than 1.5-1.0 mn over the level cf planning, 
43 ahosn in Jig. 293d. In this instance the above described 
plenonera wil) be, to a conriderable degree, avartet, The absolute 
exception of tho danger of danage tr the woot of the hepper can be 
gitelmd upon the cenpletion of the lower structure of the construction 
with ferroconerete. The cerresponaing diagraas of hoppers with 
leterol lcading are given In Fee. 263¢, 4. The first of these 
@fagracs cscreuponds +o the eguipmen" of tie loxer pert of the 
nepper in aenolithic reinforced cancrete, and the second ~ in the 
precast reinforsed concrete. The spacing of the uprights in the 
loneizudznal a@irection in both case: can be equal to 6 a, the nutual 
distanse of the uprights is im. According to <he diagram 2 the 
transvers* frame in piereceated ty ferrceoncrete sectional uprights 
and motvalite Jainta. Three Jongicuiina) ferrcconcrete sectional 
benor, set directly on tae uprights, suppurt the upper structure 
in vach cell, sade in the form cf diagonal wooden hoppers with 
douvle cells heaving a capacity cf 50 x and mere. 


Figure 2}4 shows a hopper, wade on one of the remote mine pite 
approxinately according to diagram o (7ig. 293), 1.¢., according to 
the dingram using the monolithic fesroconcrete deatgns of the lower 
fart of the hopper. A certain discinet‘ion of the described hopper 
with the recommended diagray ir the ogutpnont of the capacitive 
part uxing a cell not of the diagonal type, but of the upright 
type, shich reaulted in tne need to introduce intermediate tranaverse 
ceams every 3m, resulted in she complication of tha ferroconcrete 
part of the hopper and to a certain worsening of the indexes of the 
azpenditure of material. leverthelesa, deapite the noted deficiency, 
the indexes of the design, presented in Fig. 294, are rather 
hate afectory. Thus, with a volumetric weight of the ore of 
9 ure4 , the expenditure of wood in this matter constitutes 
ala 0.15-0.18 33, the meta), 40-59 kg, and with nonzetsllic lining 
>? Lae vértical walla, 22 kg, the expenditure of reinforced concrete 
of 2,069,111, on the averaga 0.1 nw fer 1 t cf ore in the bunker. 
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The substantial circumstanze, in this cace, is the absence of tre 
need to use @ considerable volun of conerere or ruttle concrete, 
applicd under usual conditions of weaden hoppern as focting and other 
foundations. 
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KEY: ‘a) up to the railnead; (b) insuls*ion; 
(o) moaé - illegible. 


At existing prices the cost of aoppers according to ‘Magrana, 
ziven Ln Figs. 293c, d and 29%, 18 approximately equa! to the coxt 
of the allewood loading noprers, shown in Pip. 2938. However, the 
construction, compicted acsosding to scheme an, ¢ (Fiz. 293), are 
incomparablo based en the sapitol invectmens. Under sae ecndition 
of the cover of wood from :he atwospheric effects <he hoppers, mace 
according to the disgzane, ancwn in Pigs. 293¢, d, and 298, can 
remain in operation over a very considerable period of tiae. 


Figure 295 gives one of the rational diagrams ¢f t:e doutlo-atded 
hoppers of a combined desirn with lateral lowd2ne. Tre grating of 
the Cerroeconerate scetionn) uprichts of conetructien - 6 * & er 
7* Gm, the overal> nsignt of the construction, 13.$-17.3 n. ‘The 
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Cells of the capacitive part of the hopper have sizes by design 

oui Zor 2% 3.6 = J m. The sectional uprights having a weight 
of about 5 t are set {n Cerroconcrete shoes of the bootleg type 

ana untctzod by the usual aeans. Furthermore, the uprights are 
equigpes with ¢crosa metallic foints in transverse and longitudinal 
direstians, the presence cf which cubstantially siaplifies the solu- 
Llen of providing stability and strength to a hopper under the 
vontition of blasting effects. Sectional ferroconcrete longitudinal 
beams 2 rest directly on the uprights 1 with welded bracing of the 
retallic backing parts. The frames of the capacitive part are formed 
LL: cvoaupleces, uprights and by delta-shaped wooden trusses 3, set 
on team 2 apaced 1-3 m apart depending on the available selection of 
wood. fa usual, horizontal tongs and drawbars on the junction plates 
of the cell spaced 3 wm apart, sre installed lengthwise to the 
etructure. Trusses 3 supporting consideratle loads, are made using 
ectallic drawbars in the lewer satrap and central upright. 


Pie. 295. The diagram of a 
wooton-rejnforced concrete 
atuble-sived hopper with lateral 
unioasing. 
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The described design of the sectional hoppers is character: zed 
by the utilization of one type and dimension of farroconerete uprights 
and of one type and dimension of sectional girders. 


The diagram of a hopper witn lateral lond‘ng, riven in Pig. 295, 
is also an expedient contemporary @iagram under the condition of 
the fulfillment of the capacitive part of the nopper of netallle, 
trusses composed of steel 3. One ought to note, that in the cane 
of erecting steel and ferroconcrete desipns of the conventional 
improved hoppers with central loading in the techrolonical relation- 
ship along with the introduction of transport veanels under the 
capacitive part (Pig. 282 and ethers). 7 


4h, The Protection of Structures fron 
Abratgion and Blows 


Above mentioned examples indicate the need for the lining of the 
reoeiving funnels and corresponding chockproofing. 


One can consider that the thickness of sateol lining depends, 
above all, upon the volumetric weight and the coarsenons of the ore, 
of load-carrying capacity of the transport or lift vessel, and 
the productivity of the undertaking. During the unloading of fine 
crushed ores and with the load-carrying capacities of the transport 
vesnel up to 5 t, the thickness of the lining ts taken equal to 
8-12 mm. With an ore of average luapiness and with vessels haying 
@ load-carrying capacity up to 10 t, the thickness of the lining 
ia 16-20 me. During the unloading of lumpy ore frox the dump 
care and heavy dump trucks, a lining of a thiekness of 30-50 mm is 
used. For general lining predosinantly rolling siwet steel of 
various grades is used. For the most severly worn out sections, 
which are found in the path of continuous flow of ore, in the places 
of the spill, unloading, discharging cf the ore, the utilization of 
ebrasive-resistant managancus high-carbon steel of 36f2 and other 
grades {se necessary. In a nuaber of cases stcel of St. 5 grade ic 
used for lining. On sections, whore atcelerated wear is not expected, 
stool of St. 3 grade and others are used fer Linine. 
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In all cases the protection of the welded seams against blows 
and for the alignment of seams, is highly isportant. The latter 
are usually arranged parallel to the flow of falling ore. In 
this instance, the flank seams work on the pain sustaining structures 
of the loadin order that the straps of band steel can be used as 
a cover (see Pig. 265c, da). 


With the unleading of the lift vessels from the ahafte or with 
Cine particle ore the thickness of the linings diminishes, The 
thickness of the iining of the vertical walla, less subjected to 
blows and abrasion, other conditions being equal, is taken 50-30% 
lesa than the thickness of an armor shield. With very heavy lumps, 
whieh fall from a great height, the lining along the appropriate 
planes are reinforced in order to increase its thickness, increase 
the abrasive-resistsnce and the utilization of special designs. 


In the receiving hoppers with steep slopes of planes, the lining 
is made fron the rails of the standerd gauge track, set parallel to 
the motion of the ore (see Fig. 273). In this instance towards the 
top rails are set on the comparatively thin sheets of a thickness 
of 10 ma, spaced every 200 rm, and welded with the railfoot on the 
aheet metal. In certain canes towards the top where the sheets 
are parallel to the slope, bands of abrasive-resistant steel are 
laid down having a thickness of 40-80 ma, fixed to detachable sheets 
with bolts. During the ropair of tho linings one replaces a part 
of the bands and sheets with armored bands, and again it is 
fastened with holts to the elepents of the receiving funnel. 


In hoppers and storage bins of the ore treatment plants, which 
are located in the main Clow of ore processing, detachable sheets 
of high-carbon steel ard castings of manganous steel plates are used, 
having an aree of 2-3 a? (Fig. 296). These plates are fastened 
with the help of six bolts; using an ore with the sizes of lumps, 
590 mm and more, they are tnstalled on the shockproof padding of 
the uprights. 


272 


3.9. 


gles . rs is suentnge 


Pig. 296. & section of a cast 
lining plate with a coxplex 
surface. 


With etrong flows of comparatively fine particle-size ore, in 
all cases of expected wear of the linine, tecoure of sovera abrasion, 
one should use abrasive-resistant lining fron hornblendite plates 


and other rock castings (Pig. 2971). 


Fig. 297. The lining of the receiving fumels:« a) part of the Tining 
from sectional metallic ‘hialas; t), ¢) parta of thn dntachahle 
lining; 4) lining of the atresive-resistant plates; 1 — the sheets 
of the lining; 2 — rails; 3 - corners; 4 — angle seat; 5 — ferre- 
concrete bottom; 4 — vhockproof teyer mate fron wooden braces; 7 — 
bolts; 9 — segmrnts of angles, epecifleé for sheets of lining; 9 - 
elements of the support design of the funncl; 10 - rutber an! other 
padding for shockproofing; 13 — lining made froma rock cast’.ng. 


At one of the enterprises the lining of the funnel ta made 
of sectional aetallic shleids having a length up to § m cn the slope 
with a width up to 2.5 m. The shielde (Pip. 297a) are formed by 


sheets 1 with welded on them rails every 160 ma 2; below the 
sheets, across these rails, horizontally corners 3 having 8s section, 
200 = 20 mm aru located and they transmit the acting forces along 
the slope into the ferroconcrete Lottoa 5 to the anchored angle 

seat 4. Between the steel sheets 1 and ferroconcrete structures 5 
located a shockproof layer 6 mide of wooden uprighte is placed. 

The shields of the lining are tightered by the bottom with bolts 7 
through gae pipes, put in the ferroconerete slab. 


There is also a number of other structures of sectional lining 
and shockproofing. All the deaigns guarantee the possibility of 
replaceaont nor repair of any section of the lining. 


In the larger funnels the warming of the bottoms is frequently 
Hone, the effectiveness of which is assured by the arrangement of 
the steam pipes above the supporting structures. Thus, for instance, 
in the deacribed receiving funnel (see Pig. 273) the heating pipee 
are located between the rails and are covered by sheets of steel. 


In the lighter receiving funnels (of the type given in Pig. 269), 
ealculated for receiving fine particle -res, detachable lining is 
sliso used. In this case let us turn our attention to the stability 
of the frame of the funnel which, in tnia instance should possess 
sufficient rigidity end imautability, without taking into account 
the steel aheets, which here are only the lining. One kind of 
solution is given in Pig. 297b. The fastening boltn 7 are installed 
with the reduction of the elastic padding 19; in a number of cases, 
the fastening car be preliminarily aade to one upper bolt (inclined 
section), whereupon the lining of the funnel is preloaded. In 
this position with the pressed layer of shockproofing 10 the bolts 
T are installed. Pigure 297c gives more convenient variation of 
the bracinge of the sectional lining. 


In many instances the need eppears,for lightweight receiving 
hoppera, austaining an impact pressure during the unloading of the 
lift venael and other vassels from an ore of average corasenets and 


fineness; the planes of the receiving hopper in this case can te 
arranged thus, since this is shown in Fig. 297c, and serving av 
lining sheet alloy steel, cast-iron plates and other material ere 
used. Pigure 297¢, specifically, shcws the abrasive-registant 
lining with the utilization of rock casting. 


Control gratings on the receiving hoppers for lumpy ore, just 
as for lining, sustain blows from the foiling ore and in an 
absence of shacxproofing the gratings are subject to especially 
unfavorable conditions; which 1s confirmed by actual oporation of 
the receiving hoppers. During the action of the falling lumpy ore, 
the direction of blow is not always strictly vertical. Moreover, 
in view of the eccentricity of the blow, there are always considerable 
horizontal component forces of the blow. As a result of this the 
beams of the grating undergo considerable torsion. ‘The proceas of 
accretion of the deformations develops extremely rapidly because 
of the simultaneous increase of the component forcen of the blex, 
acting in a plane of the flange of the bean. With the accretion 
of deformations of the torsion, even a c*ntrel vertica)ly directed 
blow in relationship to the beam, can lead to the failure of the 
beam. In a number of control gratings above the receiving hoppers 
frequently various deformations appear. Apart from that described 
above, here local deformations of bending of the upper and lower 
flange of the double-T beams, the al] nossible forms of failure of 
the Welded beams, specifically, tne bending of the flange, the 
Imecking out of the diaphragm, failure of the seaas, and so forth, 
are usually observed. 


In practioe, various methods of reinforcement of the supporting 
elements of the control grating are used. Thus, for instance, 
double-T beams are tightened by transverse tolts, drawbars, arranged 
in pipe-spreaders and so on. These measures usually do not give 
apparent results, The introduction of vertical sheets 2 (Pig. 298n), 


arranged vyaxetrically relative to the axis of the double-f bean 1, 
and which facilitate the creation primarily the entire enclosed 
cecticn gizcs somewhat better results, more rational when working 
undar taraion. furthermore, in this instance the protection of the 
uprer and lower Clange le assured againat transverse donding under 
Japact, 


a) 


Pig. 296. arte of the control gratings: a) retnforcement of the 
Aoudle-T beam of the control grating by vertical aheets; b) nection 
of the elements of a control grating aade from rolled beams or chan- 
nel vars; co}, d) variants of sections of the eleaente of the control 
rating; 2 - beam; 2 - vertical sheet; 2 — sheets; © — shockproof 
padding; S}- protected steel easting; 6 — vertical bolt, gib-heaced 
im the cut of the casting 5; 7 — billet (a2 bloom); 8 —- rail. 


It 1s otvious that under these conditions an enclosed or 
continuous section 15 more useful. Wowever, the sections, ae a 
vule, should not be welded. 


Mie reantred aection can consiat of channel dars with flangee 
on tae inalde ar of deuhle-T heans with cut external oeetions of 
sho flange on the largeat part of the lower strap (Fig. 298). In 
@ number of cases the sections, presented in Pig. 2980, 4, can be 
uaa, 


Another evolution of the control grating 19 given in Pig. 299. 
Kere, cast eteel veams and spacers of special profile are »aed, 
The beans ure tightened vy transverce belts, arranged inside the 
vigid spacer, ses on tne unall ribs of the dsams. Only these ribe 
umt ends of the spacer underea aechanical treatment. In all cases 
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the same type of grating, made in the form of joined castings are 
expedient in the composition of two and aore beams with transverse 
butt-end elements. : 


g 


Pig. 299. Control grating made 
from cast beams and spacers of a 
special profile. 


EL 
ee 


For a rather complex receiving funnel it ie natural to suspand 
emall, and a more complex metallic funnel to the basic ferroconcrete 
funnel with relatively simple outlines. However, this metallic 
funnel can be stripped under the impact of pieces of ore. Therefore, 
even with the average coarseness of falling pieces and with capacity 
of a transport vessel within the limits of 10 t, one ought not to 
perntt a suspension of the funnel according to diagram b, Fig. 300. 
Such a suspension can be employed only according to the diagram e& 
Fig. 300, whereby the torn away bolts can be replaced. Furthermore, 
in the latter case the utilieation of elastic construction et the 
pointe of bracing of the metallic funnel is necessary. 


seed en —_—— 


Pig. 300. The suspension of a racei- 
ving funnel] or ite lower part: a) 
correct; b) incorrect. 


Another possible solution of the lower part of the receiving 
funnel is presented in Pig. et2, where the deams of the bracing cf 
the lining are projected beyond the point of the Cerroconereta part 


of the funnel. The metallic beams and sheet metal of the funnele 
heve somewhat resist the impact pressures. The detechment of the 
lower part of the funnel in this caze (a excluded. 


The lining of the londing noppers, described above, is simpler 
amd lightxeizht in comparison with that given here. With the filling 
of the loading hopper uning conveyors, the thickness of the stee) 
lining of the toctom of the hopper can be taken an 6-8, 10-12 m, 
and the walls - 4-§ and 6-8 em. The first values correspond to the 
shert period of operation, yaali dimensions of the construction, 
lightweight features, wcoden structures, but intermediate values — 
“> the nomca) period of operation, to the various combined designs 
deacribed above. 


The last values can be tazen over a long period of operation 
of tne capital structures of considerable capacity. 


‘ugyt ag in the earlier deverited casee, the lining of the loading 
hoppers should have a design, which assures easy replacezent in 
proportion to the wear of individual sheeta. For this purpose the 
Gheets of lining are suspended in their upper part on bolts, hooks 
ar. spikes, and the heads of bolts end other fastening parts are 
covercd by the lower pnrt located higher than the sheate of the 
Tanning. 


Tn a nuster of cases tho wear of lining in the receiving hoppers 
and in separate foints of the loading toppers “2n various troughs 
ard points reaches considerable proportions. Individual caees are 
knewn of tre abrasion tn Joints with the continuous movement cf the 
ore, by 2 an per month. “The economy of the metal in the spillways, 
trough, funnels and hoppers je, /n itself, an important problem. 


Preventicn of abrasion in the receiving hoppers should be 


handled in a special way, dy using abrasive-resistant steel; by 
means of hardening the steel and by various surface treatment. The 
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utilization of special steel in hoppers is poasibic in the form of 
special cast plates, and also in the form of square rods, band metal 
and other metal, exposed to the direction of movement of ore arove 
the sheet backing. One of the simplest solutions is the atove 
described lining with rails installed atove it by thermally treated 
heads. That which is shown should also pertain to troughs and 
shifting Joints with the motion relatively to the lumpy ore. 


Ae for the individual Joints, the loading of the hoppers and 
various troughs with tho movement of the materin) having a coerseness 
up to 20 mm, in a number of cases can also warrant the use of 
substitutes of metal, for example, wheet glavs of a thickneas of 
8-12 mm or more, simple and reinforced nonmetallic casting. 


Sheet ateel can frequently be economized by other ways as well. 
Thus, in the loading hoppers of the two mentioned groups, in 
particular, in hoppers with s comparatively ehort ao well as the 
normal period of operation, in wooden heppers and happers of a 
combined deatgn, there ia the considerable number of transverse walls. 
The lining of these walle constitutes a large part of the entire 
lining of the hopper. In a conventional double-sided wooden loading 
hopper with lateral unloading of loose oterinl (see Fig. 291) with 
celle, 3 * 3, by design the area of the lining of the botton 
conatitutes 11,5 a, and tho area of the lining of the walls of the 
sano cell = 41.5 2, 78% of the overall area of lining. At the 
sane tine in the walle of the hopper the utilization of various 
substitutes of metal, specifically wood ia easy to do. ‘The utiliza~ 
tion of wood for this purpoce ‘tn forested and remote rogions is 
entirely expedient and feasible for all usual fractions of ar. ore. 
The utiJization of auch lining of vertical walls hardly reflects 
the conditiona of the aovenent of an ure under the hopper, especially 
during the partial utilization of metal under the lower part of the 
walls. In thia instance in @ rather conventional loading hopper of 
15 double cells, it 1m possible to reduce the expenditure of metal 
to lining on the average by 50 t. 
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5. The Calculation of Ore Hoppers 


Loada. Tho walls of the hoprer - usually vertical or inclined. 
The hottorn of the hopper are inclined toward a horizon at angles of 
50, 55, 60°. Losser values of the angle of the slope of a bottom 
corraspond to prismatic hoppers, the large values - to pyramidal 
hoppers. In a number of cases the bottoms are taken ae horigontal 
and She movement of loose material proceeds under conditions of the 
movement of the ore over ore. 


Tne chief loads on the hoppers are: the weight of the loose 
material, corresponding to the pressure on the walls of the hopper, 
the impact action of the falling material on the hopper (funnel) 
and the effect of blasting. 


Vertical gressure in « hopper (Pig. 301) 


Poa th 
horizontal pressure 


Pew [e(5— ¥)|" hw bPn 


where 1 -— volumetric weight in the saturated state, t/n3; h — distance 


along a vertical line from the point, where the pressure is deter- 
mined, tc the top of the hopper, m; @ — the angle of internal 
friction; 


ba igt(8—H- 


Pig. 331. A diagrem for the determination 
of the pressure on the walls of the 
hopper: 1 — prismatic part; 2 — pyramidol 
part (funnel). 
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fhe angle of internal frict'on @ for iran ore fluctuates within 
the limite of 40°30'-51°30' and predominantly constitutes 45-47°. 
‘The same angle for crushed limestone based on d'’fferent datum is 
Close to the value, 40-38°. For other various lose material the 
angle of internal friction is frequently approximately equal to the 
angle of repose and somewhat levs than the latter. ‘Therefore, in 
a number of cases the walue @ is taken tentatively equal to the 
angle of repose. 


The volumetric weight of various looee mstertnls, accumulated 
in mine hoppers, ie given velow: 


Limestones 


Limestone, orushed (0-25 am)......eccesceceess  1.3591.4 
The same, after denaification......cssseceneas 1.4-1.7 


Rocks and Tailinge 


Waste rock from the quarry............eeseeeee 1.6-1.9 

Tailings, small (0-10 mm), tron content, 10%.. 1,8-1.9 

Bouldery ore. Manganic ore........-2eeeseeees 1.5-2.0 
Agglonerate 


Agglomerate, blast-furnace and martensitic.... 1.6=2.0 
Iron dre 


Magnetite from a quarry and underground 
workings, tron content up to 40f.....cccce eens 2,1-2,5 


The sam, iron content, 50%...........- Sigtece acer 2.5-2.7 
The same, iron content, 60%... Sate eta 2.8-3.0 
The wane, iron content, more than 60%......... 3,0-3.5 
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Wasned Iron Ore 


Murtite for dlast-furnace melte from che 
spon pits of washing planta, iron content 


of SOB...... PORURITILE RR ERTEETE REET ELE 2.4 
Mort ito for Slast-furnace and martensite 
nelts, {ron content of 50-GOS... cece cceerecened 2.5 


Martite for martensite melts (10-300 m), 
from content of ESR... cece cece eee ee tet ee rens 2.9~3.0 


Iron Concentrate 


Fine and coarsa dry concentrate, iron content 
Of 25-35. cece ee reeee Cec ceseccasvee eesccecece . 1.9=2.3 


Dry and wat concentrate, iron content of 
SSB ccc ccen ec atee cena waceee swede deseneeesee 2.4-2.8 


Copper Ore 


Copper ore, containing pyrites, after the first 
stage of rushing to 200 am........sccccrecencee 1.7-+2.0 


Copper ore, containing pyrites........ Sid eco erataie: 2.5+3.0 


Copper Concentrate 


Copper consentrate, copper cantent of 20-25%... 3.0-3.5 
LeWd CORTENETHEO. Lecce cece eect cece en eeereeneene 3.5-4.0 


Nommal pressure °, to the inclined bottom of the hopper, set 


anan angle towards the korizor., 


Pyne Pestle Py ces? a as Pb alnt sb Pics? a 
ar, (Ksints | cus?) - Pya = phe, 


wien 


ae ksin't pote 
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The values of # are given in Zable 34. 


Table 34. 


Tee valuce st fe ameles ¢f interna] (rictiant 


< aoe wie | repre 
Fa a | 

oan ong 060 
| een eed Ost 
“a 040 e383 33 
7] Ons os waa 
a 7 O64 0,14 
“ on aa? O41 
S oat en 0,450 
J ate ev mee 
Cd) aa o.t8 ose 


The pressure along the slope 


P&-oth() — a) ousting, 


One ought to note that the relatively frequently determined 
values of normal pressure P, st frequently accepted inclines of the 
bottom &5-50° and the sngles of internal fritetion within the sane 
limits constitute 60-50% for an iron ore from the value of the 
vertical presaure Pe Within these linuits the normal pressure 
Pa™O53P, which 19 convenient for a tentative Judgment about the 
strength of the elements of the inclined botton of the hopper. 


The impact action of a falling ore into the hopper can hardly 
be observed during the unloading of large-size transport vessels 
filled with lumpy ore, delivered into the reoeiving hoprers-funnel 
from the open pit aine. The fell of the mass of ore occurc from a 
height of 5-15 m. With a uniform supply of emall leose material 
in the depository, the impact action of the ore can hardly be 
observed. In this way, the means of loading the transport vessels 
into the hoppere is highly important. 


The effect of an impact lead is especially atrongly wanifested 
in small hoppers, loaded with iumpy ore, and in separate parts of 
hoppers, directly sustaining the load. Such parts are the control 
gratings of hoppers, lining, the sheet» of the funnels. Under severe 
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conditions the welded seema of the lining and bolts, then supporting 
suspenaion funnels, receiving the impact of the luapy ore, all 
are subjected. 


There is no theorwticu? data on the impact action of falling 
orc. In practice Jt 19 known that during this phenosenon it is 
frequently pasuible to observe the failure of any unprotected 
atructure, and that in these cases, active measures for absorbing 
the shocks are neceseary. Taking into account these preventive 
devices the value of the arbitrary dynamic ccefficient in the 
salcutation of the receiving funnels and hoppers taken equal to 
1.2-1.5 m an@ in excluded cases, up to 2. Vor separate joints and 
volts, which are subject to the mont unsatisfactory conditions, thie 
coefficient is taken equal to 2-3. The coefficients of overload 
arc taken within tae limits of 1.2-1.3, 


The effect of blaeting is determined in accordance with the 
earlier given indications. In thie case, one considers that for the 
calculated value of seiemicity, which corresponds to conducting 
mass explosions, all the containing bodies are predominantly empty, 
ard that during the usual, relatively frequent, but emall explosions, 
the selenmicity scale is depressed by one or two units. ‘The latter 
ecrresponds to a decrease in the seismic loads by 2 or 4 tices, 
which is equivalent to a reduction in the weight of the loose 
natarial in the depository by as many times. The practical wethod 
of calculating the hoppere and a number of other ore and nonore 
dapositorias amounts to figuring out the calculated seiemicity 
scale as usually 50%, and pometines 253 of the weight of the loose 
sateriul, which correspond to the complete geometrical filling of 
tne hopper. This pertains primarily to the loading hoppers, which 
gan always be anptied over a comparatively short period. Hoted 
below are several explenationa of the described method of calculation. 


ac ctated tn Chapter II, mine constructions are calculated 
urder tac assumption of the action of arbitrary seismic loads. In 


3@8 


this case the calculated values of seismic forces constitute 
considerable values. Thus, for a cel) of the loading hopper, 6 « 6a, 
at 8 height up to the level of the conveyor gallery of 15 n, tre 
capacity of the depository is equal to 360 t. The expenditure of 
reinforced concrete in this instance constitutes ghout 0.6 t; 

the metal structures = about 0.1 ¢; other material = ahout 0,4 t; 
about 1 t (or somewhat more) per 1 ¢ capacity of the hopper. 
Noglecting the values of the coefficient of dynamiclty ana thw 
coefficient of form, the normative seismic load on the cell of a 
half-unit [eemidail) the calculated seismicity will be 1%-20 t. 

The normative windy load of the same cell under conditions of the 
first geographical region is equal to 4 t. In this case the scisaic 
loa exceeds the windy load by 5 times; consequently, the more 
precise seismic loadsa in the regions of blasting as applicd tc the 
loading ef other hoppers has an especially sutstantial value. For 
the same reason there is the possibility to lower the rated valuc 

of the arbitrary seismic forces for the Loading of other noppers 

ao well because of the improvement in the organization of the blasting. 


Frequent blasts at mine pite are characterized, as a rule, by 
the weight of a discharge within the limits of several tons. 
Biasting explosions with discharges within the limits of 10 t is 
done much less frequently. Pinally, mass blasting with the weight 
of the discharge up to 100 t and aore, is done rarely, and the 
intervals between them are usually measured in months, even in 
years. Tne mass biasting is accompanied by relatively long, 
especially serious and many faceted preparation, which inclules; 
as 8 rule, the exptying of 311 significant capacities and prinarily, 
the loading hoppers. Furthermore, in a process of the preparation 
of masa blasting the degree of the safoty of the extoting structure 
and radii of seismically dangerous zones, are checked. 


However, the ball-acale of tho calculated seinmicity is ect 
namely allowing for the possibility of masa Dlascisg, wron the 
contert of the capacities le predominantly lacxinz. Proo thia 
viewpoint during the determination cf the zeiseic forecs of the 
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loading, and other comparatively rapidly unloaded hoppers, one 
ought to introduce in the calculation only a certain part of the 
weight of the ore ~ usually 508, but sometimes 258 of the weight 
oC the loose material in a depository during its conpiete loading. 
Nased on the designated figures it is possible to present the 
following. 


Tne basic index, which characterizes the pessibility of failure 
in duildinges and construction during blasting, ts the velocity of 
vibrations. The magnitude of the latter 1s proportional to tho 
wecipht of tho discharge to the )/3 power. A substantial :nerease 
or reduction in the velocity of the vibrations means the corresponding 
change in the ball unit of seismicity. Thus, for instance, the 
velocity of vibrations during the blast of a discharge havirg a 
wazeght of 13 t, whioh is limiting under usual conditions, is 2.15 
times lesa than the velocity of vibrations during the mass blasting 
with a discharge of 100 t. This is equivalent to the fact that the 
gagnitude of the seiamic load in the first case can be reduced hy 
two tines, and the calculated bell unit of seiamicity - by a unit 
againat the corresponding indexes during maee blasting. 


In accordance with the given data the values of seiamic loads 
for various cesses can be characteriged in the following manner, 


Let the firet ease correspond to the moment of production of 
the mass blast and to the eet calculated ball unit of seiemicity. 
Let us designate: P — The weight of the ore in the hopper; ¢ ~ 


the weight of construction without the ore; Kobe seienic coeffi- 
clent. 


By introducing SOS of the weight of the ore into the calculation, 
au indicated above, neglecting the dynamic coefficient and coefficient 
»? form, and taking into account the crude equality of the values 
ef P and G, {t 1s possibla to obtain the seismin load, equal in this 
instancon, to 
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n.{0+ ‘= E(red wis. 


In the seoond case during usual small biasting and with the 
reduced ball unit of saismicity, tire value of tiie seismic coefficient 


Keyren- 


but the value of the seismic lead with 1993 of the filling of the 
“hoppers will be equal to 


Koa meget, 


which coaposes only 2/3 of the above determined calculated scismic 
load of the hoppers. 


Analogously, upon the introduction of 25% of the weight of the 
ore into the calculation during mass explosion based on the first 
case, 


«(0 ty =} (+4) ot £, 


Here, the value of the seiemic load with 100% of the filling of 
the hoppers and during conventional blasting will amount to @9% of 
the accepted load. Conaoquently, in thie instance, along with the 
calculated load the determined reserve of the loads is taken into 
account, which compensates for some reason for the emptied section 
ef capacity. 


Based on the strength of the worst conditions of enptying 
capacities, when deternining the values of the arbitrary seismic 
loads of the loading hoppers today in the regions of blasting Lt 
follows, as @ rule, to consider 50% weight of the ore for rigid 
hoppere, which is equivalent to 350% of the windy load. The calcula- 
tion of 254 of the weight of the ore for this purpose approxicately 
corresponds to 250% of the windy load. The last amoun: (25% of the 
roight of the ore) should be taxen in the calculation only fcr the 
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loading hoppers and other eastly eoptied hoppers. which are located, 
relativa tu the nost distant from blasting, (beyond 2)at the 
industrial sites of miner, and also calculated for loading 

heppers with a flexible suspension (parabolic) of the capacitive 
part, located beyond % Subsequently, when conducting the necesasry 
observations, agparuntly, the wider utilization of the lsat means 

of determining the arbitrary seismic loads will be possible. 


fnew location of “ne unloading of the hoppero during mass 
blasting ehould te clearly stated in drafts and instructions. 


In a part cf the intermediate hoppers of ore processing 
combines one ought to note that their complete emptying in certain 
cases 1s difficult. The reasons for the difficulties basically 
are the variable capacities and the different times for emptying 
the hoppers when their unloading 1s necessary into the circuit of 
the ore dressing apparatuses. Therefore, the problem about the 
magnitude of seismic forces for intermediate hoppers should be. 
solved individually for each case in reference to tho technological 
comiliona and she arrangement of the construction relative to the 
bounds of the selemic dangerous zone during the blaeting. 


Wren calculating the hoppers and funnels, the coefficients of 
overload for the determination of pressures on the wallo of the 
hepper are sometines taken equal to 1.3. In a number of cases with 
accurate data on the value of the greatest Volumetric weight of the 
ore after it haa caked the coefficient of overload ia taken equal 
to 1.2. With tae loading of the hopper by conveyors, the dynanic 
“tion of the loads from the weight and pressure of the ores is 
not considered. <Sthearwise, the coefficient of dynamicity is taken 
according to the earlier given positions in relation to other 
construction, Under usual conditions of loading of the receiving 
funnels, the coe(ficient of dynamicity is taken to be nov more than 
1.3-1.5% 
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fhe oaloulation of ristd ferroooncrete hoppers. As a reselt 
of the calculation of the coefficient of overload and ¢ynanicity 
the dlazgram consints of the calculated pressures, the character of 
which 1s simicar to the diagran of normative pressuree (Fig. 301), 
Te facets of the funnels of the hopper are calculated for the 
following [> ao of reinforcenent : 


1) for the local bending from the load, normal to the slope; 


2) for the tension in a horizontal direction from the reactions 
of adjacent facets; 


for the rupture of the funnel; 


“u) for the general bending of the hopper as spatial box supperted 
at engles. 


Esch facet is calculated for loreal bunting under tho actior. of 
the calculated load with the inclusion ¢f tho component of the 
weight cf the wall. If the lower side a) of the facet ts leaa 
one-quarter of the upper side a, (Pig. tv2a), then the facet is 
calcvlated 18 a delta-shaped plate, and the reinforcements are 
deternir:.. ‘vording to the tatles. If the lower side of the facet 
a is me: vaan 0.25 a> then the facet is coneidered as rectanguiar 
with given elzes for the calculation: 


ae jOatod poe; 


Under tension in a horizontal direction from the reactiona 
of thn adjacent facets P, (Pig. 302b), the facet is calculated as 
an eccentrically stratched freet allowing for the moments from local 
bending. 


389 


Pig. 302. The diagram of t>.- 
funnel of the hopper: a) for che 
calculation of the facets durirg 
the action of a normal load; b) 
for the calculation of the funnel 
under tension and breake. 


The calculation of rupture of the funnels with resultant forces 
Py and 5 having the support of hopper on columne, is done under tho 
anqumption that the concentration of tensile forces is in ribs. 
Tue rupturing force in the inclined rib P, je different from the 
vertica! supporting reaction'of the column taking into account the 


the anglo of slope of the rib towards the horizon, The stretched 


4 
obi” 
steel framework should be concentrated in the ribs and firnly 
anchorod on the supports. Simultaneously with the tension in the 
inclined rib, compressive forces Py and Pe, arise along the 
horigoncal rib of the hopper which are determined during the 


examination of the equilibrium of the 4:..nt. 


With support of the hoppers at angles on the columns of the 
atructures, the hoppers: undergo gentral bending in two directions. 
Tae correspording bending moaents are sustained by the wall beasa 
by facets of the hopper. With a high prismatic part of the hopper, 
one takes Into consideration the tending of the rectangular wall- 
heama, in pyramidal hopper-funnely — the bend of the delta-shaped 
wall-veans. 


‘fhe diagrams of the reinforcement of the ferroconcrete hoppers 
&re given in reference tooks and in other material. 


The scluulation of hoppers vith a parabolte capacitive part. 
In practice the calculaticn of the designs of a parabolic capneitive 
past can amount to very simple calculated operations with a know: 
Torn of « funicular curve. If curve ADP (842. 303) {s known, then 
she cureculation of the paratelic hoppe enn be mado in the folloving 
manner. 
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Pig. 303. Funicular curve of the genera- 
trix of the hngpoar, inscribed in a square. 


Lat, for example, the vertiesl coaponent of the load, equal 
to the nalf-sum of the woight of the cre and design of the capacitive 
part, and the angle, composed of the tangent to the curve at this 
point with plumb-line, at potn= 4 ba known. ‘The volue of the 
horizontal react{on (thruat) and of the resultant loade at point A 
le deternined in this instance by umers of the usual expansion of 
forces. 


Ww. 


Let curve DF (curve §) in Pig. 303 exten? past the point, 
whose coordinates, expressed by a and 5. are equal to 0.25. Let 
also the slope of the tangent at thie point be equal to 2. Consider- 
ing the conditions of equilibrium 1t tnis point, ome ought to apply 
vertical loads, limited by tne vertica) lines, passing through this 
point and through point C. In this way, also here the verticel 
comonant of the load is equal to the half-eum of the weight of the 
ore and of the designe of the capacitive part within the limits of 
Lhe examined width cf the naopper. The horizontal component of the 
load al thls point (thrust) is equal to 0.500, and the resultant 
leads (forces in the etrand) 13 equal to 1.116 of the value of the 
vertical cexponent load at this point. 


The sre hoppers with a flexible capacitive part, used in the 
lron-ore industry, are usuaily characterized by a relatively great 
helgkt of the parabolic capacitive part consieting in a number of 
sasen, of 9,85-1.00, of ite width, «hich 16 determined by the 
relatively lerge values of the angles of internal friction and by 
the xcrst conditions of abrasion, respectively. at a normal profile 
of she cover of cne parabolic ore hopper, inecr:bed in a square 
(Fig. 303), sections of she bottom, inolined ‘soward the horizontal 
at angles, less than 50°, occupy, by design, from 29 to 40% of the 
entire widta 8 of the call of the hoppers. With a decrease in the 
height { ard with a ratlo of the height to the widch cf the cover, 


L, the given ‘dex 1s made worse. It is recommended to taxe the 


value f equal to 1.0-0.9; at smaller ratios of these valuen it 
iy necessary te especially and threughly consiter the possible form 
of the curve of the flexible wire mesh of the hopper. 


As is know, with the effect of the arbitrary load of the korrer, 
risiug from zero to a defined amount in the center of the span on a 
straight line, 1.e., with an artitrary diagran of the load in the 
form cf an tsaacnlean trfangic, tha equation of the funicular curve, 
whith 2orreaporéa to the given load, will have the forz 


t 
a “pPe—F). 
or 
gw 2 (38 — 204, 
where f — the height of a cell; 8 or 2 2 — tho width of tae hopper, 


The corresponding curve 1 Is plotted in #ig. 303 for the cell, 
inscrited in the square for a value f, equal to 5. 


Curve 7, obtained as a result of using slnmpl)fie:! moans of 
constructing the profile of the hopper, is quite close to the points 
of the curve 1 in the upper half of the capacitive pars. The 
plotting of curve 7 is understandable fror the draft in Fiz. 303. 
The value Rasdzta. where a is the length of augment RL. 


One should keep in mind that curve ] was plotted allowing for 
the arbitrary delta-shaped load of the hopper; in practice the 
vertical lcad changes along the width cf the hopper arcroximately 
according te the law of the parabola. In chis way, curve ] 1f 
plotted in accordance with the relatively crude simplification of 
the load. Furthermore, ia obtaining curve 1 the effect of the 
horizontal pressures 1. the hopper, which substantiully caange the 
shape of ourve has not been completely tazen isto aocount. 


The parabolic character of the ohange in the verticai loxv, 
and also the forecs of tho horizontal pressure in the hopper can 
be taken into ancaunt in the graphic cenatructior of tne corresponding 
funicular curve, which ahould be taken aa the linn of the bettom 
of the hopper. Taere ara approxiaate and accurate meana of 
determining the funicular curve by means of a series cf ayproximationn 
in an analytical forn, plotted allowing fur the herisortal praneures 
in the hopper. These methods cf detcrzinatien vere confirnad eariier 
by conducted experimense on a 3941) hopper having Aa anight of 9,87 « 
and a span of 1 a with loose cententa on ar Aneta of jnterne? 
friction of 40°. 
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The deterrination of the funicular curve can also be ,Produced 
with the aid of a graph (Pig. 309), which coneiets of loading 
ordinates at the points of suspeneior., under the assumption of 
nqualtty at zero. The curvos of o graph correspond to the various 
values of a magnitude 


jv. 
where 
aot (15— 4), 


#- angle of internal friction. 


i- ee 4 


Fig. 304. Uraph for the 
deteraination of the funi- 
cular curve of & suspension 
hopper. 
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Asong the values ¢@ cf practica? interes. cheare ta the averare 
value of the angle of interval frictien fer ‘ro. cre, nmount?np 79 
&7-89°, In this way, tho funicular curve, whith corresponds to tho 
angles of internal friction at 95 and §C° deacrva the stmost 
attention. 


Curve 2 in Fig. 393 is the funicular curve of tie suspenaton 
hopper, inscribed in a square, and loaded with loose guicavand 
material having an angle of internal friction ¢, eaual to 45°. 

Curve 3 is a funicular curve of the suspension hosper, insoribed in 
@ Bquarc, and loaded with loose materiaid having an angle of :nternal 
friction @, equal to 38°, which corresponds approxizstely to cruried 
Limestone and it extends boyond the pcint of the extreme ninimn 
values of the angie of internal friction for iror are. 


Curve 4, shown in Pig. 303 ty a dotted line, °s a fanteultar 
curve of 4 suspension hoprer, inscribed in a square, and leaded with 
material rith the angle of internal friction of 52°, «aich 
correspents to the greatest (51°3C'> and most widely asyed ‘47-19) 
values cf the angle of internal friaticn for iron ore. 


Curve € ‘8 plotted under tae assumption of a parabel’ec ebaraster 
of 2 vertical load, and tne herizenta) pressure cf the locse 
material here ia taken tnto account, Curve 5 is a ecnventional 
equare parabole, determined by the equation 


eumyy 


with a pnvametcr p, found from the boundary condit-on 


Po dph. 


Froz the obtaine: curvee, given in Pig. 303, une clornent to the 
actual conditions of a lord of the hoppers, are the funicular curve 2 
(@ © 45°) and predominantly © ($= 59°). Curvex ? and 4, eapectally 
ourve 4, are close to the outlines of curve 5, 4.e., puretolas. dita 
an incomplete loaZ cf the acrpers, curves 2 and 4, so wn even preater 
dogren, are close to the poins.a of curve $. 
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Tne riveting of the rigid frames of a oottom of the discharge 
openings of the hopper and the rigidity of the wire mesh, the sheets 
of lining and shockproofing all affect the direction of the 
reduction in the hortzantal displacements of the wiro uesh, 
specifically, they lead to che approach of true curves 2 and 4, fren 
curve 5; truc curve 3 from curve 2 and zo on. The natural measure- 
Rents, made on a largs suspenulon hopper with a ypan of 7 m, height 
of 5.1 m, loadad with tron ore after crushing, sorting and dry 
nasgietic separation, given here are verified. Figure 305 shows a 
part of she lover section of this hcppor with the funicular curve 
sipp!ied here. As it appears Crom the figure, the true funtcular 
curve & of the loading ore of the hopper and the funicular curve 5 
of tne empty coppor practically coincide with the square parabola 2. 


Une lowded aspper 


Keagureowats of > 
the loeded Lepser 


Fie. JOS. The reanils of the natural everurenents of furteular 
curves of @ auSspenston hopper, Joaded with iron orm after crushing, 
Sopting an@ dr, oneretie separation: 1 — subie parakoia; 2 - 
sarsvela, o'-te 3 - funicuiar curve slone a projection; 4 — true 
runicular curve Gf 4 Inated *cpper; & - true funicular curve of an 
onptled Lopper. 
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On the banis of, that proposed, under conditions of scorag: of 
ordinary fron ore and the lixe, based on vaiue 6, it is sossible 
to take the outlines of the bottom of the suspension hopper, 
described for a parabola, dctormincd by the cquaticn 


7 fees 


When (82%. just as in the hopper shown in Plg. 303, tho 
equation of the parabola (curve &) assumes the fcra 


yates 


With small values of the angie of interna) friction $, equal 
to 35° and less, the outline of tre bottom should be deterained sy 
weane of the construction of a funicular curve, corresponding to 
tho parabolic character of the vertical loed and in the praserce 
of horizontal pressure in the hopper. The outlines of the curva 
can be determined by grapnic and analytical zeans and, upecificelly, 
with the eid of the graph shoxn in Pig. 205. Ouring the selestlon 
of the form of the botton one ought to consider the effect of the 
varioue riveted structures on the bottom art the effect of the 
hardness of the wire zesh, lining, and shockprocfing. The caiculation 
of these factors can lead to a means of ‘ncressing the assigned 
average value of she angie of internal friction ¢ Sy apprex:zately 
5° 1n the calculation. 
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